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GASOUT--
The Code Used to Calculate Gaseous Fission 

Product Release for a ZPR-6 and -9 
Design Basis Accident 

by 

C. D. Swanson and E. M. Bohn 

ABSTRACT 

PROGRAM GASOUT calculates the amount of noble 
gas and radioiodine fission products expelled into theatnnos-
phere following a ZPR-6 and -9 "Design Basis Accident." 
Tabulated values of fission product activities following fis
sion are combined with a calculation of time-dependent cell 
p r e s su re to determine the number of fission product atoms 
released. This information can then be used to determine 
the radiological hazard to a man standing downwind from the 
reactor during the accident. The code is written for the 
IBM 36O/50/75 computer. 

INTRODUCTION 

In the event of a nuclear excursion wijh a ZPR reactor , fission 
products released by burning fuel may be expelled into the atmosphere. 
PROGRAM GASOUT calculates the amount of noble gas and radioiodine 
atoms released. This information is used in the ZPR-6 and -9 Plutonium 
Safety Analysis Report ' to assess the radiological hazard associated with 
the postulated Design Basis Accident (DBA). 

The mathematical model used is based on tabulated values of fis
sion product activities at various t imes following fission. The calculation 
of t ime-dependent cell p re s su re from the DBA analysis is used to deter
mine the number of fission product atoms expelled from the reactor cell 
into the atmosphere. 

PROGRAM GASOUT is an extension of the Design Basis Accident 
analysis. The essential features and assumptions of the DBA are briefly 
discussed here . Following the central idea of safety-analysis calculations, 
all additional assumptions were made to provide a reasonable but safely 
conservative es t imate of the fission products released. 



I. DESCRIPTION OF P R O B L E M 

A. F a c i l i t i e s 

A comple t e d e s c r i p t i o n of the Z P R - 6 and -9 fac i l i ty has b e e n g i v e n . ' 
F o r the p r e s e n t p r o b l e m only the r e a c t o r ce l l and the e m e r g e n c y e x h a u s t 
s y s t e m a r e c o n s i d e r e d . Each Z P R r e a c t o r i s l oca ted in a c o n c r e t e ce l l 
with i n t e r i o r d i m e n s i o n s of 40 by 30 ft, with a he ight of 30 ft. In the even t 
of a n u c l e a r acc iden t involving a m e t a l f i r e , the p r e s s u r e bui ldup in the 
ce l l wil l be r e l i e v e d by the e m e r g e n c y exhaus t s y s t e m . Th i s c o n s i s t s of a 
2 4 - i n . - d i a exhaus t pipe connec ted to a sand f i l t e r , a double bank of H E P A 
(High Eff iciency P a r t i c u l a t e At t enua to r ) f i l t e r s , and f inal ly a 4 6 - m s t ack . 

A flow d i a g r a m of the e m e r g e n c y e x h a u s t s y s t e m a p p e a r s in F ig . 1. 
Throughout the d i s c u s s i o n , the f a c i l i t i e s wil l be r e p r e s e n t e d by the 
s impl i f ied s c h e m a t i c shown in F i g . 2. 
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Simplified Schematic of Facilities 



B. Design Basis Accident 

The Design Basis Accident (DBA) for plutonium use in the ZPR-6 
and -9 reac tors is discussed in Ch. 12 of Ref. 1. The DBA is an extremely 
severe nuclear accident which is postulated and analyzed to determine the 
containment capability of the reactor cells and associated facilities. The 
cause of the accident is a combination of: 

(1) large fuel overloading of the reactor due to operator judgment 
e r r o r ; 

(2) inattention on the part of two reactor opera tors , 

(3) failure of all controls. 

It is assumed that criticality is achieved as the table halves a re 
closing at intermediate speed. When combined with the above conditions, 
this causes a nuclear excursion. The accompanying r ise in tempera ture 
eventually causes the fuel to burn and re lease fission products to the air 
in the cell. Fuel and sodium fires rapidly increase the p re s su re in the 
cell. The emergency exhaust system then relieves this p ressure by ex
hausting air through the filters and out the stack. 

The DBA was analyzed using a one-energy-group point-reactor 
kinetics code with a heat- t ransfer subroutine.* The pertinent resul ts of 
that calculation are as follows: 

(1) At t ime t = 0 the reactor is just critical and the closing table 
halves are adding reactivity (beginning of excursion). 

(2) The reactor reaches prompt critical at t = 4 . 1 sec. The 
excursion is turned by the negative Doppler and expansion reactivity 
feedback. 

(3) At t = 13 sec molten fuel flows onto the reactor bed and begins 
to burn. The loss of reactivity due to flowing fuel causes the reactor to go 
subcrit ical . 

(4) At t = 15.2 sec the reactor is 2.3% subcritical and the excur
sion is considered over by the kinetics code. Boiling of sodium continues 
until 19.2 sec, when the temperature drops below the boiling point. Liquid 
fuel and sodium continue to burn. 

C. Assumptions 

The amount of radiologically hazardous material released to the 
atmosphere during the Design Basis Accident is calculated by dividing the 



p r o b l e m into s m a l l t i m e i n t e r v a l s Atj ( sec )* and mak ing the following 
addi t ional a s s u m p t i o n s : 

(1) Based on the DBA a n a l y s i s , the f i s s ions that r e l e a s e f i s s i o n 
p roduc t s to the cel l occu r at an a v e r a g e t i m e of t = 6 s e c . T h i s a s s u m p 
tion g r e a t l y s imp l i f i e s the a n a l y s i s by a l lowing u s e of t a b u l a t e d v a l u e s of 
f i ss ion p roduc t a c t i v i t i e s following i n s t a n t a n e o u s f i s s ion at t = 6 s e c . 

(2) F i s s i o n p r o d u c t s a r e r e l e a s e d and s p r e a d u n i f o r m l y t h roughou t 
the cel l as soon as the fuel begins to b u r n at t = 13 s e c . Two m e t h o d s of 
f i s s ion p roduc t r e l e a s e a r e c o n s i d e r e d : 

a. All of the f i s s ion p r o d u c t s a r e r e l e a s e d i n s t a n t a n e o u s l y at 
13 s e c . This a l lows for a s impl i f i ed so lu t ion and a c o n s e r v a t i v e a n s w e r . 

b . The f i ss ion p r o d u c t s a r e r e l e a s e d as the fuel b u r n s at a 
cons tan t r a t e for one hou r . The f r ac t ion of f i s s ion p r o d u c t s a v a i l a b l e for 
r e l e a s e dur ing a t i m e i n t e r v a l At s e c o n d s is then At /3600 . 

T h e r e a r e two p o s s i b l e pa ths by which f i s s ion p r o d u c t s r e 
l e a s e d to the cel l a i r can r e a c h the a t m o s p h e r e : 

a. t h rough the e m e r g e n c y exhaus t s y s t e m , and 

b . l e a k a g e th rough the ce l l wa l l s into the conf inemen t she l l , 
th rough the a i r f i l t e r s in the s h e l l , then out the s t a c k . 

H e r e we a r e c o n c e r n e d only with the f i r s t pa th and a s s u m e that the 
r e a c t o r cel l is s e a l e d excep t for the e m e r g e n c y exhaus t s y s t e m . F i s s i o n 
p roduc t r e l e a s e f rom the s t a c k is b a s e d on two add i t iona l a s s u m p t i o n s : 

(3) All p a r t i c u l a t e f i s s ion p r o d u c t s a r e held up in the f i l t e r . Only 
g a s e o u s f i s s i on p r o d u c t s a r e r e l e a s e d . 

(4) All p r e c u r s o r s a r e c o n s i d e r e d p a r t i c u l a t e . As t h e s e p r e c u r s o r 
a t o m s decay into gas a t o m s they a r e r e l e a s e d f rom the s t a c k . 

The piping and f i l te r of the e m e r g e n c y exhaus t s y s t e m i n t r o d u c e a 
d e l a y t i m e du r ing which f i s s ion p r o d u c t d e c a y is c o n s i d e r e d . T h e de lay 
t i m e T a s s o c i a t e d with the t r a v e l t i m e of f i s s ion p r o d u c t s f rom the ce l l 
to the f i l te r is g iven by 

T = D / v ; V = k P , 

• The choice of time intervals is discussed in Appendix B, p. 38. 



where 

P = average cell p r e s su re , psig; 

D = length of pipe; 

V = velocity. 

The constant k was determined by the flow character is t ics of the emer 
gency exhaust system to be 8.8 f t /sec-psig. Thus the delay time is 

T = (D/8.8) /P. 

Gaseous fission products pass through the entire system (D = 1232 ft) 
without filter holdup. The delay time is then 

T = 140/P. 

For part iculate fission products that a re held up in the filter, the time to 
reach the filter (D = 968 ft) is 

T = l l O / P . 

GASOUT has two methods of computing the number of gas atoms 
released from the stack, depending on the nature of the problem being 
solved. 

The simplest case is to determine the total dose at a point down
wind from the stack. In this case, it is only necessary to calculate the 
total number of gas atoms released from the stack. Since filter holdup of 
p recurso r s does not affect the total number of gas atoms released, it can 
be neglected. All fission product atoms that leave the cell are assumed to 
leave the stack after a decay t ime of T = 140/P seconds. Note that the 
rate of re lease from the stack is not considered. Thus this is a t ime-
independent problem. 

In an actual situation, a man standing downwind from the stack will 
evacuate the a rea after some finite t ime. To determine the dose received 
for this finite t ime it is necessary to consider the rate of fission product 
re lease from the stack. In this case, the time of re lease of gas atoms due 
to p recursor decay must be considered. Therefore, filter holdup of p re 
cursors must be accounted for in the calculation. This is a time-dependent 
problem. 
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II. DATA 

A. S o u r c e of N u c l e a r Data 

The da ta for the p roduc t ion and decay of the noble g - (k ryp ton and 
xenon) and rad io iod ine* f i ss ion p r o d u c t s is ob ta ined fron^ U S N R D L - T R - 7 5 7 , 
Tab le VII ' The tab le g ives the a c t i v i t i e s XnNn ( d i s / s e c ) of ind iv idua l 
r ad ionuc l ides at v a r i o u s decay t i m e s t' following i n s t a n t a n e o u s f i s s i on of 
8.435 X 10^ a toms of "'\J. H e r e \^ is the decay c o n s t a n t and Nn the n u m b e r 
of a toms p r e s e n t at t i m e t ' . 

The USNRDL da ta for the f i s s ion p r o d u c t s c o n s i d e r e d is l i s t e d in 
Appendix A. The decay chain for each K r , Xe, and I f i s s ion p r o d u c t i s a l s o 
included along with the ha l f - l i fe T,/2 and decay cons t an t \ n = 0 . 6 9 3 1 / T I / 2 
for each i so tope in the decay chain . P r e c u r s o r s with e x t r e m e l y s h o r t 
ha l f - l i ve s (<1 sec) have been omi t t ed . 

F o r the da ta in Appendix A, t' = 0 is t he t i m e of i n s t a n t a n e o u s 
f i ss ion. Since it is a s s u m e d that all f i s s ions o c c u r 6 s e c af ter the s t a r t of 
the acc iden t , t' = 0 in the da ta t a b l e s c o r r e s p o n d s to t = 6 in the p r o b l e m 
T h e r e f o r e , 6 s ec is added to all t i m e s in the USNRDL d a t a when u s e d in 
GASOUT. 

After read ing the decay cons t an t and a c t i v i t i e s for e a c h i so tope in 
the decay s c h e m e , GASOUT obta ins the n u m b e r of a t o m s of e a c h i so tope at 
each t i m e by dividing XnNn by X-^-

B. In t e rpo la t ion 

L i n e a r i n t e rpo la t ion of the USNRDL da ta is u sed to obta in the 
n u m b e r of i so tope a t o m s that ex i s t at t i m e t, a s s u m i n g i n s t a n t a n e o u s 
f iss ion of 8.435 x 10 ^^^U a t o m s at t = 6 s ec and no n o n r a d i o a c t i v e l o s s e s . 
GASOUT u s e s th i s n u m b e r to c a l c u l a t e the d i s t r i b u t i o n of the i s o t o p e in 
the cel l , f i l t e r , and s t a c k af ter a n u c l e a r e x c u r s i o n h a s r e l e a s e d f i s s ion 
p roduc t s to the a i r in the ce l l . 

No a t t e m p t h a s been m a d e to r e n o r m a l i z e the da t a to a d i f fe ren t 
n u m b e r of o r i g i n a l f i s s i o n s . Th i s i s e a s i l y a c c o m p l i s h e d at the c o n c l u s i o n 
of GASOUT c a l c u l a t i o n s . 

* Isotopes of krypton, xenon, and iodine are the only radioactive gases given off in significant quantities 
in this type of accident. 
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i n . R E L E A S E OF AIR F R O M THE R E A C T O R C E L L 

The n u c l e a r e x c u r s i o n p o s t u l a t e d for the DBA c a u s e s m o l t e n fuel 
to be e x p e l l e d f r o m the r e a c t o r . A m e t a l f i r e b e g i n s a s soon a s the fuel 
s t a r t s to flow. A l s o , s o d i u m vapo r i s g e n e r a t e d at a r a t e p r o p o r t i o n a l to 
the hea t flow into the sodiunn a f t e r the s o d i u m boi l ing t e n n p e r a t u r e i s 
r e a c h e d . The sodiunn v a p o r b u r n s i n s t a n t a n e o u s l y . The hea t g e n e r a t e d by 
the b u r n i n g vapo r and l iquid then i m m e d i a t e l y r a i s e s the t e m p e r a t u r e and 
p r e s s u r e of the ce l l a i r . Subsequen t ly , a i r - b o r n e f i s s i on p r o d u c t s a r e 
expe l l ed f r o m the ce l l . 

F u e l flows onto the r e a c t o r bed and b e g i n s to b u r n at t = 13.0 s e c . 
Up unt i l t h i s t i m e no e n e r g y is r e l e a s e d to the ce l l 

F ronn 13.0 to 19-2 s e c , the e n e r g y r e l e a s e d to the ce l l due to 
bu rn ing v a p o r and l iquid i s g iven by 

AQ = 5.1 X 10"At* Btu. 

w h e r e At i s the tinne i n t e r v a l be tween s u c c e s s i v e c a l c u l a t i o n s . 

At 1 9 2 sec the t e n n p e r a t u r e of s o d i u m d r o p s be low the bo i l ing 
point and no m o r e s o d i u m vapo r i s p r o d u c e d . F r o m then on, the e n e r g y 
r e l e a s e d to the ce l l by the b u r n i n g l iquid fuel and s o d i u m i s 

AQ = 920 At Btu. 

The p r e s s u r e rou t ine in GASOUT then p r o c e e d s a s fo l lows: 

(1) The p r e s s u r e i n c r e a s e due to hea t input d u r i n g a tinne i n t e r v a l 
At i s c a l c u l a t e d assunning a c o n s t a n t - v o l u m e p r o c e s s (a neg l ig ib le f r a c t i o n 
of a i r e s c a p e s the ce l l d u r i n g At). B a s e d on the p e r f e c t g a s law, 

PV = m R T , 

we have 

A P = ( m R / v ) AT. 

F o r c o n s t a n t volunne, 

T = Q / m C v 

*The expressions for energy released to the cell ate obtained from Ch. 12, Ref. 1. 
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so that 

AP = ( R / C ^ ) ( A Q / V ) . 

T h e r e f o r e 

AP = 2.13 A Q / V , 

where 

AQ = heat input to ce l l dur ing At (Btu); 

AP = p r e s s u r e i n c r e a s e due to AQ hea t input , p s i ; 

V = cel l vo lume; 

T = t e m p e r a t u r e ; 

m = m a s s of a i r . 

(2) A new cel l p r e s s u r e P j and a v e r a g e ce l l p r e s s u r e P for t i m e 

i n t e r v a l At a r e ca lcu la t ed : 

P j = Pi + AP; P = Pi + 0.5 AP, 

when P] i s the cel l p r e s s u r e at beginning of At. 

(3) The change in ce l l a i r t e m p e r a t u r e i s g iven by 

AT = ( T i / P i ) A P , 

whe re Ti i s the ce l l t e m p e r a t u r e at s t a r t of At. 

(4) The new t e m p e r a t u r e and a v e r a g e t e m p e r a t u r e for i n t e r v a l At 
a r e c a l c u l a t e d : * 

Tj = Tl + AT; T = Tl + 0.5 AT. 

(5) T h e v o l u m e of a i r w h i c h f l o w s o u t of t h e c e l l d u r i n g At i s 

c a l c u l a t e d : 

AV = B ( P - Po) At , 

*Heat transfer to surrounding materials is not directly calculated by GASOUT. If it is ignored completely, 
however, the calculated temperature within the cell rises to unrealistic values and affects the computed 
pressures. DBA analysis indicates that at 20 sec the temperature in the cell reaches a maximum value 
of 1400°R. Therefore, GASOUT allows the temperature in the cell to rise to 1400 R and then holds it at 
that value for the remainder of the problem. 



where 

Po = atmospheric p r e s su re ; 

B = flow rate through filter. 

(6) The average specific volume 'v is obtained: 

PV = mRT; V/m = ~ = R ' T / P ' ; V = 0.37 Y / P . 

(7) The change in cell air weight and a new cell air weight are 
obtained: 

AW = AV/7 ; Wj = Wi - AW, 

where 

Wi = weight of cell air at beginning of At; 

Wj = weight of cell air at end of At. 

(8) The fraction of air exhausted out of the cell is calculated: 

f = AW/Wi. 

This will later be used as the fraction of fission product atoms in the cell 
leaving the cell during time interval At. 

(9) The new pressure following air flow out of the cell is then 

P3 = P2(W3/W,), 

assuming isothermal expansion of the air . The assumption is considered 
valid for the time intervals chosen. 

(10) The final values P , , T^, and W3 of time interval At then become 
the initial values of the next time interval At': 

Pi = P3; T ; = T2; Wl = W3. 

Table I l is ts the paramete rs used in the p ressu re calculation. A 
plot of p r e s su re versus t ime is shown in Fig. 3. 
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TABLE I. P a r a m e t e r s for P r e s s u r e C a l c u l a t i o n s 

Flow ra t e through sand f i l t e r s (B) 

Cell vo lume 

Ini t ia l a i r t e m p e r a t u r e 

Ini t ia l ce l l p r e s s u r e 

A t m o s p h e r i c p r e s s u r e 

Ini t ia l weight of ce l l a i r 

40 ft^ p s i g - s e c 

36,500 ft^ 

530°R 

14.7 p s i a 

14.7 p s i a 

2700 lbs 

Fig. 3 

Cell Pressure 

IV. METHODS OF SOLUTION 

GASOUT c o n s i d e r s two me thods of handl ing f i l t e r holdup of p r e c u r 
s o r s , as d i s c u s s e d in Sect. I. The d e s i r e d option i s s e l e c t e d t h r o u g h the 
input p a r a m e t e r PATH as fol lows: 

PATH=0 No holdup of p r e c u r s o r s in f i l t e r ; t i m e - i n d e p e n d e n t 
p r o b l e m ; 

PATH=1 P r e c u r s o r s a r e held up in f i l t e r ; t i m e - d e p e n d e n t 
p r o b l e m . 

Another option d i s c u s s e d in Sect . I c o n c e r n e d the r e l e a s e of 
f i ss ion p r o d u c t s to the a i r in the ce l l . The input p a r a m e t e r R A T E s e l e c t s 
the option as fol lows: 

RATE = 0 In s t an t aneous r e l e a s e of f i s s ion p r o d u c t s at t = 13 s e c ; 

RATE=1 Cons tan t burn ing r a t e for one hour . F r a c t i o n of fuel 
bu rned in At. sec is A t . / 3 6 0 0 . 

The opt ions RATE and PATH al low for four d i f fe ren t a p p r o a c h e s 
to be taken. The s i m p l e s t and m o s t c o n s e r v a t i v e a p p r o a c h is to c o n s i d e r 
ins tan taneous r e l e a s e of f i s s ion p r o d u c t s . t o the ce l l with no f i l t e r holdup 
of p r e c u r s o r s (RATE = 0, PATH = 0). If th i s does not give s a t i s f a c t o r y 
r e s u l t s , m o r e r e a l i s t i c a p p r o a c h e s can be taken , the l e a s t c o n s e r v a t i v e 



be ing a c o n s t a n t b u r n i n g r a t e with f i l t e r ho ldup of p r e c u r s o r s ( R A T E = 1, 
P A T H = 1). The s i m p l e s t c a s e is c o n s i d e r e d f i r s t . 

A. T i m e - i n d e p e n d e n t P r o b l e m ; No F i l t e r Holdup of P r e c u r s o r s 

As an e x a m p l e of the c a l c u l a t i o n a l me thod c o n s i d e r the d e c a y cha in 
for r a d i o i o d i n e " * 1 : 

Sb(48 s e c ) -' Te(42 min ) - '^''1(53 m i n ) . 

Let l ( t ; ) be the a v e r a g e n u m b e r of " " l a t o m s d u r i n g t i m e i n t e r v a l At; t ha t 
would ex i s t in the ce l l if t h e r e w e r e no l o s s e s t h r o u g h the enne rgency 
exhaus t s y s t e m S i m i l a r de f in i t ions hold for an t imony and t e l l u r i u m . 
T h e s e v a l u e s a r e ob t a ined f rom the USNRDL da ta d e s c r i b e d in Sec t . II . 

The c a l c u l a t i o n p r o c e e d s as fo l lows: 

(1) Dur ing the f i r s t t i m e i n t e r v a l Ati , the f r ac t ion of a i r r e l e a s e d 
f rom the ce l l is g iven by f, = A W ( l ) / W i ( l ) ( s ee Sec t . HI). The n u m b e r of 
'^"l a t o m s r e l e a s e d f r o m the ce l l is t h e r e f o r e 

l iKt , ) . 

The n u m b e r r e m a i n i n g in the cell is 

( i - f i ) i ( t , ) . 

The c o r r e s p o n d i n g n u m b e r s for the p r e c u r s o r a t o m s a r e 

f,[Sb(t,) + Te ( t i ) ] r e l e a s e d 

and 

(1 - f,)[Sb(t,) + Te ( t , ) l r e m a i n i n g . 

(2) Af te r l e av ing the ce l l t h e r e is a d e l a y t i m e given by Ti = 
1 4 0 / P , s e c b e f o r e the " " l a t o m s l eave the s t ack . 

If I ( t , + Ti ) is the n u m b e r of ' " l a t o m s at t i m e t, + Ti ( h e r e ti 
r e p r e s e n t s the m i d p o i n t of i n t e r v a l At i ) , t h e n the f r a c t i o n of '^*1 a t o m s at 
t i m e tl t ha t e x i s t s at t i m e ti + T, is l ( t i + T , ) / l ( t i ) . Thus the n u m b e r of 
'^"l a t o m s r e l e a s e d f r o m the s t a c k * due to the fiKti) a t o m s that l e a v e the 
ce l l d u r i n g Ati i^ 

Gg(t i) = f i l ( t , )[ l ( t i + T . ) / l ( t i ) ] = fil(t , + T , ) . 

•These atoms are released at time t̂  + T^, Smce only the total number of atoms released is important, 
the time of release is not considered here. However, it is important for the time-dependent problem 
and is discussed in Sect. IV-B. 
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In this method, f i l ter holdup of p r e c u r s o r s i s not c o n s i d e r e d . 
The p r e c u r s o r a t o m s that leave the ce l l du r ing At, wi l l e v e n t u a l l y d e c a y 
into gas and be r e l e a s e d f rom the s tack . Again c o n s i d e r i n g a de l ay t i m e 
of T = 140/p"i, the number of ' " l a t o m s r e l e a s e d f r o m the s t a c k due to 
p r e c u r s o r a t o m s leaving the ce l l du r ing Ati i s 

Gp(ti) = fi[Sb(ti + Tl) + Te(ti + Tl)] . 

(3) The '^''l a t oms left in the ce l l af ter t i m e i n t e r v a l At; d e c a y 
into 

( l - f i ) I ( t z ) 

a toms dur ing the second i n t e r v a l Ati. The n u m b e r of '*I a t o m s r e l e a s e d 
f rom the cel l dur ing the second i n t e r v a l i s t h e r e f o r e 

f 2 ( l - f l ) Utz)-

Simi la r ly , the number of p r e c u r s o r a t o m s r e l e a s e d f r o m the ce l l d u r i n g 

Atj is 

fz(l -fi)[Sb(tz) + Te( t , ) ] . 

The number of '^''l a t o m s r e m a i n i n g in the ce l l a f ter Atj is t hen 

( l - f j ( l - f , ) I ( t J , 

and the nuinber of p r e c u r s o r a t o m s r e m a i n i n g is 

( l - f 3 ) ( l - f l ) [ S b ( t 2 ) + Te(t2)]. 

(4) The number of '^''l a t o m s leaving the s t ack due to '^*I a t o m s 
leaving the cel l is 

Cgih) = fz(l - f , ) I(t, + T,}. 

The number of '^ 'l a t o m s r e l e a s e d f rom the s t ack due to p r e c u r s o r a t o m s 
leaving the cel l is 

Gp(ta) = h{\ - f , ) [Sb( t , + T^) + Te( t , + T,) ] . 

H e r e T^ = H O / P j is the piping delay t i m e . 

(5) In g e n e r a l , the n u m b e r of '^''l a t o m s r e l e a s e d f r o m the ce l l 
dur ing t ime i n t e r v a l At is 
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n (*-̂ ^̂  I(tj). 

The n u m b e r r e m a i n i n g in the ce l l is 

( 1 - V 
i = l 

I(tj). 

S i m i l a r e x p r e s s i o n s e x i s t for the p r e c u r s o r s . 

(6) The n u m b e r of " ' ' l a t o m s r e l e a s e d f r o m the s t a c k due to "*I 
a t o m s r e l e a s e d f r o m the ce l l du r ing At- i s 

°g ( ' j ) = fj fl' ( 1 - f i ) I(tj + T. ) . 

The n u m b e r of I a t o m s r e l e a s e d f r o m the s t a c k due to p r e c u r s o r a t o m s 
leaving the ce l l du r ing At; i s 

V J ) = ĵ n ''-̂ '̂  
1=1 

Sb(tj + Tj) + Te(t j + Tj) 

Again , T. = 1 4 0 / P ; i s the de lay t i m e for i n t e r v a l At-. 

(7) F i n a l l y , the n u m b e r of "*I a t o m ^ r e m a i n i n g in the ce l l a f te r a 
t i m e p e r i o d d iv ided into J i n t e r v a l s is 

(1-f .T) 

J -1 

n (^-^i) 
i = l 

I{tj) . 

The n u m b e r of p r e c u r s o r a t o m s r e m a i n i n g is 

[ 1 - f j ) 
J -1 

n c-^i) 
i = i 

Sb(t j ) + Te( t j ) 

The to ta l n u m b e r of "*I a t o m s r e l e a s e d f r o m the s t ack due to ' ' ' l 
a t o m s r e l e a s e d f rom the ce l l i s 

J J 

j=l j=l 
f ld -^ l ) 
i=l 

Ktj + Tj). 



The total number of '̂ ^I atoms released from the stack due to 
precursor atoms released from the cell is 

I S('j) = I ': n ' d - f i ) 
i = i 

Sb(tj + Tj) + Te(t. + Tj; 

In this example the total number of ' '"l atoms released from the 

stack is 

^ k ( t p + Gp(tj) 
j = i L J 

Consider, however, the decay chain for Kr: 

Se(2 sec) —• Br(4.4 sec) 

11.8% ""Kr 
- ^ - 89T< ''Kr. 

88.2% 

Here only 88.2% of the precursor atoms that leave the cell will decay into 
"'Kr atoms. Setting X = 0.882, the total number of "'Kr atoms released 
from the stack is 

I Gg(tj) + XGp(tj) 

The input parameter X gives the fraction of precursor atoms that decay 
into gas atoms. 

Reference to Fig. 3 indicates that the gauge pressure in the cell 
reaches 0.0 psig at t = 16 min. At this point fj = AW/W = 0.0, and 
fission product release from the cell is stopped. Thus, to obtain the total 
number of gas atoms released from the stack it is only necessary to con
tinue the calculation until P = 0.0. 

B. Time-dependent Problem; Filter Holdup of P recu r so r s 

Consider the case where the man standing downwind leaves after 
some finite time. To determine the dose received during this time, the 
holdup of precursors in the filter must be accounted for. The rate of 
release of gas atoms out the stack is calculated. 

The number of '^''l atoms leaving the cell during time interval At. 
was shown to be 



i = i 
I(tj). 

After a delay time T; = 140/P-, 

Gg(tj) = f 
J - i 

n (^-^i) I(tj + Tj). 

I atoms are released from the stack. The time t- + T: falls in some 
time interval denoted by At|̂ {k =: j). The number G (t:) is stored in the 
a r ray O: 

0(k) = 0(k) + Gg(tj). 

Thus, the number of "*I atoms released from the stack during the tinne 
interval Atj^ will be contained in the a r ray element 0(k). Note that O 
contains only the number of "*I atoms released from the stack due to "*1 
atoms released from the cell. 

The number of precursor atoms leaving the cell during time 
interval At; is 

M = f: 
J 
I 
1=1 
n ('-̂ '̂  Sb(tj) + Te(tj) 

The time for these precursor atoms to reach the filter is y-. = l lO /P ; . 
The number of p recursor atoms arriving at tVie filter is 

ft" ( i - f i : Sb(tj+ 7j) + Te(tj+ 7j) 

Thus. N precursor atoms ar r ive at the filter at time t; + 7; which falls in 
some time interval At» {i s. j). The number N is stored in the ar ray F: 

F(£) = F{£) + N. 

If F; represents the number of precursor atoms in the filter at the 
beginning of time interval At;, the number in the filter during At; is taken 
to be 

Fj = F- + F(j), 

where F(j) is the number of p recursor atoms arriving at the filter during 
At:. 
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during At; can be obtained from the USNRDL data. This fraction is given 

Once the number of precursor atoms in the filter for time interval 
At; has been determined, the decay of these atoms into I atoms can be 
considered. The fraction of precursor atoms decaying into I atoms 
dur 
by 

0j = {[Sb(tj_^) + Te(tj.^)] - [Sb(tj) + Te(tj)]}/[Sb(tj.,) + Te{t._^}]. 

Therefore, 0;F. precursor atoms in the filter decay into I atoms during 
Atj. These '^''l atoms are assumed to leave the stack during At;. Thus, 

Gp(tj) = 0jFj. 

The total number of '̂ ^I atoms released from the stack during time 
interval At is then 

0(j) + 0jFj. 

For a finite time interval divided into J intervals the total number 
of I atoms released from the stack is 

J r 
0(j) + (p.F. 

Now consider the decay chain for ^Kr , for which only 88.2% of the 
precursors decay into "Kr : 

11.8%^ "^Kr 

Se(2 sec) •Br(4.4 sec) 

88.2% 

In this case the total number of "'Kr atoms released from the stack during 
Tj is 

i [o(j) + X0jFjj 

where X - 0.882. 

C. Constant Burning Rate 

The methods discussed so far have assumed instantaneous release 
of all fission products to the cell air at t = 13 sec. This gives a conserv
ative estimate of the amount released out the stack since the total number 



of atoms is immediately available for re lease from the cell. Actually, 
fission products are released to the cell air only after the fuel burns. 
Assume that it takes one hour to burn all the fuel at a constant burning 
rate. Then the fraction of available fuel burned in time interval At; sec 
is Bj = Atj/3600. 

In time interval Ati the number of I atoms released to the cell 
air is then 

Bil(t,), 

and the number released from the cell is 

f,B,I(ti). 

Also, 

(1- f i ) B,l(t,) 

is the number remaining in the cell. 

In time interval At ,̂ B2l(t2) additional "*I atoms are released to the 
cell air and are added to those remaining from interval Ati. The nunnber 
of "*I atonns in the cell is then 

(1 -f , ) BiKt,) + B^Ktz). 

Therefore, the amount released from the cell during interval Atj is 

f j ( l -fl) B,I(ti) + BjKtj)], 

and the amount remaining is 

( l - f 2 ) [ ( l - f i ) Bil(ti) + BjlCtz)]. 

This process is then continued for all time intervals. If X is the number 
of ' " l atoms in the cell after interval At. ,̂ the number during interval 
Atj is 

X + Bjl(tj), 

and the number re leased from the cell is 

f.[X + Bjl(tj)]. 

Similar expressions hold for the precursor atoms. Once the 
number of atoms out the cell has been determined, the number out the 
stack is determined as in one of the two previous methods. 
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V. INPUT AND O U T P U T 

A. Input 

The input r e q u i r e d by GASOUT defining p r o b l e m type and p r o v i d i n g 
i so tope decay data i s l i s t ed in Table II. 

TABLE II. GASOUT Input Data 

Ca rd Type F o r m a t I t e m D e s c r i p t i o n 

1 20A4 IDENT P r o b l e m iden t i f i ca t ion . 

2 416 Nl N u m b e r of a c t i v i t i e s to be 
r e a d in for each i s o t o p e . 

RATE =0, i n s t a n t a n e o u s r e l e a s e of 
f i s s ion p r o d u c t s to c e l l . 

= 1, c o n s t a n t bu rn ing r a t e 
for one hou r . 

PATH =0, no f i l t e r holdup of 
p r e c u r s o r a t o m s . 

= 1, f i l te r holdup of 
p r e c u r s o r a t o m s . 

J P r i n t output e v e r y J th 
t i m e s tep . 

3 3E12.5 DTX T i m e i n t e r v a l At.. 

FINTIM Tota l p r o b l e m t i m e . 

CHI F r a c t i o n of p r e c u r s o r 
a t o m s that d e c a y into g a s . 

4 A4, E12.5 NAMEA Iso tope n a m e . 

LAMBA Decay c o n s t a n t x/o. 

5 6E12.5 Al(I ) , 1=1, Nl A c t i v i t i e s X N at each t i m e 

t(I). 
Card se t s 4 and 5 a r e r e p e a t e d for s ix i s o t o p e s in a decay cha in . If 
the re a r e l e s s than six, d u m m y i s o t o p e s m u s t be p r o v i d e d . Input the 
noble gas or r ad io iod ine i so tope f i r s t . 

^ I^ E O F / o , s top. 
= 0, con t inue . 



The isotope data consist of the name, decay constant X , and activ
ities XjjNĵ (I) at decay t imes t(I) for each isotope in the decay chain of the 
noble gas or radioiodine fission product. GASOUT has provision for six 
isotopes in a decay chain. If there are less than six, dummy isotopes must 
be provided. The X^ input for the dummy isotopes must be nonzero. 

The data as described in Sect. II are listed in Appendix A. The 
number of activities to be input for each isotope is given by the parameter 
Nl , which nnust be chosen so that the time t(Nl) is greater than or equal to 
the total time of the problem: 

t(Nl) > FlNTlM. 

B. Output 

For every Jth time interval (see Table II), GASOUT lists the 
following quantities concerning the re lease of fission products from the 
cell: 

(1) the time at the end of the time interval; 

(2) the number of gas atoms remaining in the cell at the end of the 
time interval; 

(3) the total number of p recursor atoms remaining in the cell at 
the end of the time interval; 

(4) the number of gas atoms released from the cell during the 
time interval; 

(5) the total number of precursor atonjs released from the cell 
during the time interval. 

The total number of gas atoms and precursor atoms released during the 
problem is also listed. 

Two numbers are listed for the release of gas atoms from the 
stack for each every Jth time interval: 

GG. = gas atoms released from the stack due to gas atoms 
re leased from the cell; 

GP = gas atoms released from the stack due to precursor atoms 
released from the cell. 

The totals of the GG and GP are then listed along with the final 
number of gas atoms re leased from the stack: 

GGj +X I G P , 

u= 
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Recall that these numbers correspond to the instantaneous fission of 
8.435 X 10* ^̂ *U atoms at t = 6 sec. Normalization to other initial condi
tions can take place at this time. 

Appendix B contains a sample problem including examples of 
GASOUT input and output. Results obtained for the noble gas and radio
iodine fission products listed in Table Al are also included. 

A listing of the code is included in Appendix C. 
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A P P E N D I X A 

Data 

T a b l e Al l i s t s the decay cha in s for each of the Kr , Xe, and I f i s s ion 
p r o d u c t s c o n s i d e r e d by GASOUT. The ha l f - l i f e for each i so tope a p p e a r s in 
p a r e n t h e s e s . 

TABLE Al . Noble Gas and Radioiodine Decay Chains 

(half-lives in parentheses) 

44% Se,(69.0 sec) 90% 

'Kr Ge(2.0 sec) •As(7.0 sec) <'' '^ I 10% ^ ^ Br (2 .4hr ) • K r ( 1 . 9 h r ) 

56?rSe2(25.0 min) 

'Kr Se(39 0 sec) •Br (3 .0 min) •Kr(4 .4 hr) 

97% 

'Kr As(1.5 sec) •Se(16.0 sec) •Br(54.5 sec) =;:—•Kr(78.0 min) 

7% " K r + n 

"Kr Se(2.5 sec) • B r ( l 6 . 3 sec) 
Ij^ftft 93% "Kr(2 .8 hr) 

11.8% " K r + n 

^Kr Se(2.0 sec) •Br(4.4 sec) 

88.2% "Kr(3«.2 min) 

135 Xe 

15% " K r + n 

°Kr Br(1.6 sec) < : 
85% '°Kr(33.0 sec) 

" K r Br(2.0 sec) •Kr(10.0 sec) 

I and II 
Sb(6.0 sec 

30% Xej(15.3 min) 

•Te(1.4 min) •1(6.7 h r ) < ^ I 

70% Xeu(9.2 hr) 

96% 

' " X e Te(3.0 sec) •1(24.4 s e c ) ^ ^ : : ^ X e ( 3 . 9 min) 

4% " 

'Xe Te(2.0 sec) "1(6.3 sec) 

3% " ' ; 

97% '"Xe(17.0 min) 
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" ' X e 

"Xe 

T A B L E A l (Contd. ) 

4% 

1(2.0 sec) 

'Xe + n 

96% ' " X e ( 4 1 . 0 sec) 

1(1.5 sec) — • X e ( l 6 . 0 sec) 

In(1.0 sec) • S n ( 3 . 4 m i n ) - -Sb(23.0 m i n ) < ^ | 2 0 % ^ 1 ( 8 . 0 5 d) 

85%>e2(24 .0 m " r ^ 

Sn(2.2 m i n ) -

Sn(2.0 s e c ) -

Sb(48.0 sec) 

Sb(6.0 sec ) -

-Sb(2.1 min) • T e ( 7 8 . 0 h r ) • 1 ( 2 . 3 h r ) 

Te , (52 .0 min) 

-Sb(4.1 mi 
7 2 % y ' I 

ninX^ I 
2 8% > . , • 

13% 
87% 
:i(20.8 hr) 

Te2(2.0 min) 

-•Te(42.0 min) •1(53.0 min) 

-Te(1.4 min) •1(6.7 hr) 

Table A2 gives the ac t i v i t i e s -^n^n °^ individual r a d i o n u c l i d e s at v a r i 
ous decay t i m e s following i n s t an t aneous f i s s ion of 8.435 x 10 a t o m s of ^^^U.^ 
The decay t i m e s l i s t ed a r e in s econds . The unit of ac t iv i ty i s d / s e c p e r 
8.435 x 10 f i s s ions . L is ted i m m e d i a t e l y under each i so tope n a m e is i t s 
decay cons tan t X = 0 . 6 9 3 1 / T I / 2 . 



TABLE A2. Activities vs Decay Time 

K R - 8 i 

TIME 

0. 
1. 

10. 
25. 
40. 
63. 

100. 
160. 
250. 
400. 
fiSO. 

1000. 
1600. 
2500. 
4000. 
6 3 0 0. 

1 0 0 0 0 . 

1 5 0 0 0 , 

? 5 0 0 0 . 

40000 . 

h 3 0 0 0 . 

n , 

9 . 

n, 
(1 i 

n • 

n 
n 
0 
fl 
0 

n 
0 
ft 
0 
n 
0 

n 
n 
n 
n 
p 
0 

GP 
,347K 

,5<;if 
,51 OH 
.2?SR 
,124E 
,6P7E. 

00 

03 
ni 
02 
00 
•03 

.2,Wb-06 

. o o o t 
, OOOfc" 

. ooot 

. O O O F 

, 0 0 0 h 

. O O O R 

.OOOfc 

, 0 0 0 fc" 

• O O O E 

. O O O f c 

.OOOfc 

• OOOfc 

.OOOfc 

.OOOfc 

,000fc 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

0, 

0. 
0. 
0. 

a. 
0. 
0. 
0< 
0. 
0 
0. 
0, 
0, 
0> 
0, 
0. 
0, 
0, 
0 . 

0, 
0, 
0, 

AS 
,990P-01 

,1911: 

,230P 

,169C 

,40JE 

,91JC 

.936C 

,240(=-

.6J1C. 

.850C. 

.OOOfc 

.OOOfc 

,000c 

.OOOfc 

,000C 

.OOOfc 

,OOOC 

,000c 

.OOOfc 

,000fc 
,000C 

.OOOfc 

03 
03 
03 
02 
01 
00 
•01 
.04 
•08 
00 
00 
00 
00 
00 
00 
OJ 

no 
0 0 

00 
0 0 

00 

0, 

0, 
0, 
0. 
0, 
0 
Q 
0 
0 
0 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0. 
0, 

SEl 
, 1 0 0 E - 0 1 

,?82E 

,373E 

,119E 

,l5aE 

.148E 

,121E 

,837E 

.458E 

.1H5E 

,411fc 

,908E-

01 
01 
02 
02 
02 
02 
01 
01 
01 
00 
•01 

,991fc-G3 

,?39fc-05 

,263E-

,000F 

,OOUE 

,000E 

,000E 

,000E 

.OOOfc 

,000E 

•09 
00 
00 
00 
00 
00 
00 
00 

0. 

0. 
a. 
D. 
0. 
0, 
0, 
0, 
0. 
0, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
Oi 

0. 
0 . 
0, 

S F 2 

, 4A0c«0i 

.130= 00 
,1«5= 00 
,71OE 00 
,in7E 01 
,115E ni 
,117= 01 
,117E 01 
,116E 01 
,112E 01 
,in5= 01 
,9siE no 
,802E no 
i(i07E 00 
, 4niE 00 
.?noE 00 
, 6 9 2 E « 0 1 

,1?5E«01 
,7«i£«03 
,1?2E«04 
,119E«n7 
,onoE 00 

TIME 

0. 
1. 

10. 
25. 
40. 
63. 

100. 
160. 
250. 
400. 
A30. 

10 0 0. 

1A 0 0 . 

25011. 

4 0 0 0 . 

6 3 0 U . 

l O C O O . 

1 6 0 0 C . 

25000. 
40000. 
A3000. 

1 

n 
n 
0 

n 
r, 
n 
0 

n 
r 
n 
fl 

n 
n 
m 

n 
n 
1 

n 
n 
n 

P 

HR 
.8nDfc-04 

. 4 H 3 E - 0 3 

.7J1E.03 

.637F-02 

.233E-01 
,41JE. 
.653F-

•01 
•01 

.9Mfc-01 

.l?8fc 
,155e 
,177fc 
,194fc 
.215E 
.237fc 
,255fc 
.259fc 
. Z.'^bfc 
. 1 8 3 f c 

.115E 

.558F^ 

00 
00 
00 
00 
00 
00 
00 
00 

on 
00 
00 
•01 

.lABE-Ol 

.265E. • 02 

0, 

0, 
0, 
0, 
0 . 
0, 
0, 
0, 
0. 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0> 
0. 
0 
0 
0 
0 

KH8,^ 

,101=:.03 

,oooE no 
,598^-07 
,285fc-05 
,24bP-04 
,740t-04 
,199F-0i 
,505E-03 
,119F-P2 
,248c.o2 
.497F-02 
,414E-02 
,l*JF-oi 
,288C.01 
,479E-01 
,777F-01 
.113F on 
,143F 00 
,14jc 00 
.104c 00 
.445F-01 
.922F-02 



TABLE A2 (Contd.) 

K l i - 8 5 

TIME 

0 . 
1 . 

ID . 
25. 
40. 
f>3. 

100 . 

160 . 

?5 0 . 
4 0 0 . 

630 . 

1000. 
1600. 

2500. 

4000 . 
5300. 

10000. 
16 0 0 0. 
25000. 

4000U. 

63000. 

n . 

P « 
p I 

p , 

n, 

p , 

1 

p 

n 
p 

p 

p 

n 
p 

0 
0 
n 
p 
n 
p 

0 
p 

Sfc 
i78e-ni 

913fc 02 

,i?;fc 03 

.i.?:2E 03 
,101E 03 
,777fc 02 
,516E 02 
.26aE 02 
,9?1E 01 
,lH6fc 01 
, 1 ? 9 E 00 
,217fc.02 
.302E-05 
,7P7fc-ilO 
,000F 00 
• OOOfc 0(1 
.OOOfc 00 
.OOOfc 00 
•OOOE 00 
•OOOfc on 
.OOOfc 00 
•OOOE 00 

0. 

0. 
0. 
0. 
0. 
0. 
0, 
0 . 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

BR 
3R4t:-

812F 
8S5C 
,131F 
,189F 

,228F 
,263C 
.278fc 
.2541-. 
.192F 
.llOfc 
• 457F 
• llOF 
• 109fc 

•341E-
.106F-

.150F-

• OOOfc 
• OOOE 

. OOOP 

• OOOfc 

• OOOfc 

P2 

01 
01 
02 
02 
02 
02 
0 2 
02 
02 
02 
01 
01 
00 
.02 
•04 
•08 
00 
00 
00 
00 
00 

0^ 

0. 
0, 
0 , 

0, 
0, 
0, 
0, 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.<H85 
4386-04 

,^05F-02 
,?4lE-02 
,669E-02 
, 173E-01 
,310E-Ol 
,559E-01 
,100E 00 
,1/OE 00 
,?57E 00 
,352E 00 
•422E 00 
•454E 00 
.454E 00 
.437E 00 
.410E 00 
•^70E 00 
• ,U5E 0 0 
•242E 00 
.lfr3E 00 
,R48fc-01 
. ilOE-01 

KR-H7 

TIME 

0. 
1. 

10. 
25. 
40. 
63. 

lUO. 

150. 

?5U. 
400. 

530 . 

1000. 

1600. 

25U0. 

4000 . 
6300 . 

1. 0 0 0 0 . 

15 0 0 0, 

'z' 5 0 0 0 . 
•10 0 0 0. 

63000. 

p 

n 
p 

n 
p 

p 
p 

P. 
n 
p 
p 
p 
p 
n, 

P 
n, 
p 
0 
p 

n 
p 

n 

A<; 
• 462E 

• 725E 
• 457E 

• 714E 

00 

03 
03 
01 

•597E.02 
• 5M1E. 
.155E^ 

, OOOE 

• OOOE 

• OOOE 

• OOOE 

• OOOfc 

.OOOfc 

, OOOfc 

• OOOfc 
lOOOfc 

.OOOfc 

,00OE 

, OOOE 

• ooot 

• OOOfc 

• OOOE 

•05 
•09 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

0, 

0. 
0. 
0> 
0, 
0 
0 
0, 
0 
0< 
0, 
0 
0. 
0. 
0 
0, 
0 , 
0. 
0, 
0 
0 
0, 

SE 
,433c. 

,329E 
,340C 

,261c 

,137F 
• 715F 
• 264F 
, 5J1E 
• 395c 

•01 

03 
03 
03 
03 
02 
02 
01 
00 

,800c-02 
,120F-04 
.567E' 
, OOOF 
, OOOfc 

• OOOF 
, OOOF 

.OOOfc 

,000F 

, OOOF 

• OOOF 
• OOOF 

,000F 

•09 
00 
00 
00 
00 
00 
00 . 

no 
00 
00 
00 

0. 

0 , 

0, 
0, 
0, 
0 
0 
0, 
0 
0. 
0, 
0 
0 
0, 
0 
0, 
0 
0 
0 
0 
0 
0 

HR 
,127E-

,115E 

,118E 
,138fc 

,147E 

,139F 

.115E 

, 765E 

. .<55E 

, 117E 
, 173F 

.930E-

•01 

03 
03 
03 
03 
03 
03 
02 
02 
02 
01 
•01 

,84lE-0i 

, 408E-

• OOOE 

,OOUE 

• OOOE 

• OOOE 

• noofc 
• OOUE 

• POUE 

• OOUE 

•06 
00 
00 
00 
00 
00 
00 
00 
00 

0^ 

0^ 
0. 
0. 
0 . 

0, 
0 . 

0. 
0 
0. 
0. 
0 
0. 
0, 
0 
0. 
0 
0 
0 
0 
0 
0 

<R87 

148E«03 

410= 00 

4 ' 3 E 0 0 

•6538 DO 

,1P5E PI 

, l.'!9E PI 

.184E 01 
234= PI 

•279E 01 

,3n3E nl 
,3P8F 01 

•299E 01 

,284E 01 

,259E 01 

•227E 01 

, 1 H 2 £ 01 
,1?9E PI 
•748E 00 
• 30 7E no 
• euE-pi 
•879E-02 
•291='03 



Kfi.88 

TIME 

0. 
1. 

10. 
25. 
40. 
63. 

100. 
160. 
250. 
400-
*30. 

1000. 
16°". 
2500. 
4000. 
5300. 

10000^ 
1-5000. 
2 5 0 0 0. 

40000. 
53000. 

p 

P 

n 
n 
p 
n 
n 
n 
n 
n 
0 
0 
n 
n 
n 
0 
n 
0 
0 
0 
n 
c 

SF 
277E 

193E 
150E 
1.3 2F 

20^E 
323E 
54yE 
,193E 
• OOOE 
ooof 
OOOE 

OOOE 

OOOE 
OOOg 

OOOE 

OOOE 

ooofc 
OOOE 

OOOfc 

OOOE 

OOOfc 

OOOE 

00 

04 
04 
03 
01 
•01 
.04 
• 08 

00 
00 
00 
00 
00 
00 

00 
00 
00 
00 
00 
00 
00 
00 

0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

BR 
425F.nl 

610F 
561F 
625F 
343F 
IfilF 
682p 
141C 
llOF 
240F 
407c 

03 
03 
03 
03 
03 
02 

02 
01 
•01 
•04 

230F-0» 
OOOF 
OOOp 

OOOF 
OOOF 
OOOE 
OOOF 
OOOF 
OOOF 
OOOF 
OOOF 

00 
0 0 

00 
00 
00 
00 
00 
00 
00 
00 

0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

i<R88 

688E-

504E 
566E 
i07E 
1 5 ' F 

181E 
l9aE 
2nbE 
206E 
205E 
203E 
200e 
195E 
187E 
175E 
159E 
135E 
105E 
«.95E 
374E 
133E 
274E-

• 04 

OO 
00 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 

01 
01 
01 
01 
00 
00 
00 
01 

KR-B9 

TIME 

0. 
1. 

10. 
26. 
40. 
63. 

100, 
160. 
250. 
400. 
630* 

icon. 
IftOO. 
2500. 
4000. 
530C. 

10000. 
15000. 
25000. 
40000. 
63000. 

p 

n 
f 
n 
n 
n 
n 
c 
0 
n 
n 
n 
0 
r 
ft 
0 
n 
0 
0 
0 
0 
0 

sf 
347E 

164E 
120E 
529E 
292E 
161t. 
5586. 
l5°fe. 
OOOE 
OOOE 
0006 
OOOE 
,000E 
.OOOE 
,OO0E 
• OOOE 
.OOOE 
.OOOfc 
,000E 
, O O O E 
.OOOE 
• OOOE 

CO 

04 
04 
02 
00 
01 
06 
11 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8R 
157F 

266C 
248F 
798F 
790F 
746F 
199F 
586F^ 
460F' 
OOOF 
OOOF 
OOOC 
OOOF 
OOOF 
OOOF 
.OOOF 
OOOF 

.OOOF 

.OOOF 

.OOOp 

.OOOF 

.OOOF 

00 

04 
04 
03 
02 
01 
00 

• tl3 

• o ; 

00 
00 
00 
0 0 

00 
00 
CO 
00 
00 
00 
00 
00 
00 

% 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

i<R89 

361E-

533fc 
546E 
112E 
121E 
116E 
107E 
934E 
752E 
S44E 
316^ 
138E 
3*3fc 
416E 
161E 
• 717E 
178E 
• OOOE 
• OOOE 
, 0 0 0 E 

,000E 
.0006 

02 

02 
02 
03 
03 
03 
03 
02 
02 
02 
02 
02 
01 
00 
•01 
•04 
•07 
00 
00 
00 
00 
00 



TABLE A2 (Contd. 

K R - 9 0 

TIME 

0. 

1. 

lo. 
25. 

40, 

63. 

100. 

160. 

250, 
400. 

630. 

1000. 

1600. 

2500. 

'•ooo. 
6 3 0 0. 

10000. 

35000 . 

25000. 

40000. 

63000. 

p 

n 

p 

P 

n 
p 

P 

0 
0 

n 
p 

0. 

n> 
p 1 

0 • 
n, 
0, 

0. 

0. 

n. 
PI 

p I 

BB 
,433E 

• 658fc 

.499E 

.lolE 

.152E 

•229E-

,108F. 

,0006 

• OOOE 

, OOOE 
,000E 

,000fc 

,000E 

, OOOE 

, OOOfc 

,000E 

,0006 

,0006 

,0006 

,0006 

,0006 

,0006 

00 

04 

04 

03 

PO 

.P3 

•07 

00 

00 

00 
00 

on 
00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0. 

0. 

0, 

0. 

0, 

0, 

0. 

0, 

0, 

KR90 

•210F-01 

.466F 

• 566F 
.643c 

.472F 

.345F 

.213F 

.978F 

• 2 " F 

• 4196 

• 179F 

03 

03 
03 

03 

03 

03 

02 

02 

01 
00 

•1436-02 

, 503F-0O 

, 2 0 3 F - 1 1 

,000F 

,000F 

, OOOF 
,0006 

,000F 

,000F 

,0006 

• OOOF 

00 

on 
00 

00 

ou 
00 

0 0 

00 

Kfc'-91 

TIME 

0, 
1, 

Jg; 
40. 

63. 

100. 

16P. 

250. 

4 0 0 . 

630. 

10 0 0. 

l^OO. 

2500. 

40 0(1-
63o(, _ 

1 0 0 0 0 . 

15 0 0 0. 

2500U. 

4 D 0 0 (1, 

^3000 . 

n 

p 

P 
p 

p 

n 

0 
P 

P 

P 

P 

0 

p 

0 

fl, 
p ' 

p 1 

0 , 

p 1 

p, 

n, 
0. 

8B 
,3476 

.3226 

.237t 

•105E 

.578E 

, 3 1 9 E . 

00 

04 

04 

03 

00 

-02 
.11OE-05 

• 2«'fc-n 
• OOOE 

• OOOE 

• OOOF 

• OOOE 

,0006 

,0006 

,000E 

'OOOE 

,0006 

,0006 

,00 06 

,0006 

,0006 

OOOF 

00 

00 

00 

00 

00 

00 

00 

00 

on 
00 

00 

00 

00 
00 

0 

0 

0 

0 

0 

0 

0 

0, 

0 

0 

0, 

0 , 

0, 

0, 

0, 

0' 

0, 

0. 

0. 

0, 

0. 

0^ 

KR91 

•693F' 

,158F 
• 156F 

•118fc 
• ^ * 7 p 

,1516 

,30 7 F 

,2366 

,369F' 

•01 

04 

04 

04 

0^ 

03 

02 

01 

•01 

,^206-04 

,220F-08 

, OOOF 
• OOOF 

, OOOF 

,000C 

•0006 

, OOOfc 

,000F 

, OOOF 

OOOF 

OOOC 

OOOfc 

00 

00 

00 

00 

00 

00 

0 0 

00 

00 

00 

00 



TABLE A2 (Contd.) 

Xfc-135, 1 AND 2 

TIME 

0. 
1. 

10. 
25' 
40, 
63. 

100. 
160. 
250. 
400. 
630 . 

1000 . 
1600 . 
2500 • 
4000 . 
6300 . 

10000. 
15000 . 
2500C. 
40000 , 
63000. 

SB 
r.ll5E 00 

p,4?5fc 03 
n,379E 03 
p,1346 03 
P.237E 02 
p,4l9E ol 
n.294E 00 
P,4096-02 
n,4006-05 
p.1226.09 
O.OOOE 00 
n,OOOE 00 
O.OOOE CO 
O.OOOE 00 
P'OOOE 00 
0,0006 00 
0.0006 00 
0,0006 CO 
n,oooF 00 
p.OOOE 00 
0.COU6 00 
0,0006 00 

TE 
0.825F-

0.157F 
0.159F 
0.164F 
0-152F 
0 •136C 
C^113F 
0 ̂ 830 = 
0^5066 
0^241F 
0•698E 
0^105F 
0•494F" 
C^349F-
0-208F. 
0^0006 
O.OOOE 
O.OOOE 
C^OOOF 

O-OOOF 
0•0006 
O^OOOF 

•02 

03 
03 
03 
03 
03 
03 
02 
02 
02 
01 
01 
•01 
•03 
• 0 6 

00 
00 
00 
00 
00 
00 
00 

0. 

0, 
0 , 

0, 

c 
0, 
0 , 

0, 
0, 
0, 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I 
2876-

,691E 
,695E 
,7376 
,8C6E 
,8676 
,949E 
,105E 
,116E 
,1256 
, '. 3 0 E 

,1326 
• 1316 
• 128E 
.125E 
• l^OE 
• 112E 
• lOlE 
• 849E 
.65bE 
,426E 
.2206 

• 0 4 

00 
00 
00 
00 
00 
00 
01 
01 
01 
01 
01 
01 
01 
01 
01 

n 
01 
00 
00 
00 
00 

0< 

0. 
0. 
0, 
0' 
0. 
0. 
0. 
0, 
0, 
0, 
0, 
0. 
0. 
0 
0 
0 
0 
0 
0 
0 
0 

xfi 
755£. 

,295E 
,296E 
,294E 
•291E 
,2886 
,284£ 
,2776 
,2*66 
,251E 
,228E 
, 198E 
.1596 
.115E 
•7726 
• 4q7E 
• 372E 
• 316E 
• 265E 
• 2046 
• 1.3 36 

, 5fl5E' 

r03 

01 
"1 
01 
01 

ol 
01 
01 
01 
01 
01 
01 
01 
51 
00 
00 
00 
00 

no 
00 
DO 

• 0 1 

T I M E XE2 
P , 2 0 9 6 - 0 4 

0. p . 8 2 1 6 - 0 1 
1 . n . 8 ? 2 E - 0 l 

1 0 . p , 8 2 8 E - 0 l 
2 5 . p , 8 3 9 E - 0 1 
4 0 . n , 8 4 9 6 - 0 1 
6 3 . " • 8 6 5 E - 0 1 

l o o , P , 8 9 2 E - 0 1 
1 6 0 . p , 9 3 5fc-0l 
2 5 0 . p , 9 9 8 E - 0 1 
4 0 0 . 0 .110^ 00 
6 3 0 . P.124E 00 

l o c o . " ,144E 00 
1 5 0 0 . p .1706 CO 
2500. fl.2ni6 00 
400 0. n.24CE 00 
6300. P.2876 00 

10000. P.345E 00 
15000. P.416E 00 
25000. p,474E 00 
40000. 0.4906 00 
63000. n.4?CE 00 



TABLE A2 (Contd.) 

xl"-137 

TIME 

0, 
1. 

10. 
25. 
40 . 

63. 
100. 
150. 

2 5 0 . 

400 . 

A3 0 . 

1000. 

1600. 

2500. 

4000. 

5300. 

10000. 

16000. 
25000. 

40000. 

63000. 

p , 

p , 

p , 

P 
p 1 

p , 

P 
p 1 

P 
P 
p , 

n, 
0 
p, 

n, 
0, 
p, 

0, 
p. 
p , 

p, 
0, 

Tfc 
. 2 .n 6 

, 89 7E 

,71 26 

.8896 

,2786 

,8*96. 

00 

03 
03 
02 
01 
•01 

,4276-03 
,8?Ht-07 
,0006 
,0006 
,0006 
,0006 
,0006 
,0006 
,0006 
,0006 
,0006 
,000E 
,000E 
,OO0E 
,0006 
,00 06 

00 
00 
00 
00 
00 

on 
no 
no 
00 
00 
00 
00 
00 
00 

0, 

0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0. 
0, 
0, 
0, 
0, 
0, 
0. 
0, 
0. 
0, 

I 
,284F-0l 

.527F 
,535F 

,4796 
, 321F 
.210F 
.109F 
.381F 
.693F 
.538F 
,758c. 
,110C-
,300F' 
,0OOF 
,000F 
,0006 
,000F 
,000F 
,000F 
,000F 
, OOOF 
,0006 

03 
03 
03 
03 
03 
03 
02 
01 
00 
•02 
• 04 

•09 
00 
00 
00 
00 
00 
00 
00 
00 
00 

0, 

0, 
0, 
0 
0, 
0, 
0, 
0, 
0, 
0 
0 
0 
0 
0, 
0, 
0 
0 
0, 
0, 
0, 
0, 
0, 

X6 
,2966-02 

,6656 02 
,6796 02 
,7986 02 
,9316 02 
,1006 03 
,1036 03 
,9916 02 
,8576 02 
,662E 02 
,425E 02 
,21bE 02 
,7196 01 
,1226 01 
,845E-01 
,993E-03 
,in9E-05 
,1906-10 
,0006 00 
,0006 00 
,0006 00 
,0006 00 

1(6-138 

TIME 

0. 
1. 

10. 
25. 
40. 
63. 

100. 
160. 
250. 
400. 
hiU . 

1000. 
1600. 
2500. 
4000 . 
6300. 

10000. 
15 0 0 0. 

25000. 

40000. 
63000. 

p 

P 
n 
p 

p 
p 

p 

0 
p 
p 

0 
0 
p 
n. 
p, 

p, 

0 1 

p' 

n, 
p, 
n 1 

n. 

TF 
• 347E 

,3716 

.263E 

,1166 

,6416. 

00 

03 
03 
02 
•01 

,3546.03 

.1226-06 

• OOOE 

• OOOfc 

• 0006 

• 0006 

,0006 

.OOOfc 

.OOUE 

,0006 

,0006 

,000fc 

• onufc 
lOOOfc 

OOOF 

OOOF 

OOOfc 

00 
00 
CO 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0, 
0, 
0, 
0. 
0. 
0, 
0. 
0' 
0. 
0. 
0^ 
0^ 

I 
.llOfc 

.123F 

• 114E 

• 463F 
.899F 

• 173F 
• 137c 

•234c' 

00 

04 
04 
03 
02 
02 
Ul 
'01 

•3l8c-04 

.159C-

.OOOF 

.OOOF 

.OOOC 

, OOOC 

, OOOC 

,000C 

,000F 

•OOOF 

,0OOF 

OOOF 
OOOF 

OOOfc 

•08 
00 
00 
00 
00 
00 
00 
00 
00 • 

00 
00 
00 
00 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0, 
0, 
0 
0 , 

0 • 

0, 
0, 
0 < 

0 , 

xE 
• 6 7 9 6 -

,1586 
• 1656 
• 211E 
• 231E 
• 233E 
• 231E 
• 225E 
• 216E 
,203E 
.1H4E 
.157E 
.122E 
,8126 
,4416 
,1596 
,3336 

-03 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
01 
Ul 
01 
00 

•2706-01 
,457E-
,1016-
,377E-
, n o o E 

• 03 

•05 
•10 
00 



TABLE A2 (Contd.) 

Xr:-139 

TIME 

0. 
1. 

10. 
25. 
40. 
63. 

100. 
160. 
750. 
400. 
630. 

1000. 
1600. 
2500. 
4000. 
6300. 

10000. 
15000. 
25000. 
40000 . 
6 3 0 0 0. 

n • 

p • 

p . 

p , 

p < 

p , 

p . 

p , 

0 • 

P , 
0, 
P 
0 
n 
0 
p 
p 
n 
n 
p 

n 
0 

I 
3476 

2276 
,1626 
,7176 
,3966 
,2196. 
,7556-
,2046-
,0006 
,0006 
,000t 
.0006 
,0006 
,0006 
• 0006 
• 0006 
• 0006 
.0006 
• OOOE 
• OOOE 
• OOOE 
.0006 

CO 

04 
04 
02 
00 
•02 
• 06 

• 11 

00 
00 
00 
00 
CO 

on 
on 
00 
00 

on 
on 
00 
00 
00 

0. 

0. 
0. 
0. 
0. 
0, 
0. 
0, 
0, 
0, 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

XE 
169i;-

,392F 
,417F 
,423F 
,331F 
,257F 
,174F 
,931F 
.338F 
.738F 
.584c 
.120F-
.230C-

•01 

03 
03 
03 
03 
03 
03 
02 
02 
01 
00 
•01 
• 04 

,903F-09 
• OOOC 
• OOOF 
• OOOF 
• OOOC 
• OOOF 
• OOOF 
.OOOC 
.OOOF 

00 
00 
00 
00 
00 
00 
00 
00 

Xfc-140 

TIME 

0. 
1. 

10. 
25. 
40. 
63. 

100. 
150 . 
?50. 
400. 
630. 

1000 . 
1600 . 
2500. 
4000 . 
6300. 

10000. 
1.6000 . 
25000. 
40000. 
ft3000. 

ft > 

P . 

P . 

P . 

p . 

P , 
p , 

P . 
P , 
0 
p, 
n 
n 
p 
p 
n 
0 
0 

n 
p 
p 
p 

1 
462E 

1116 
7026 
llOF 
,1076-
,1056-
.2536. 
,0006 
,0006 
• 0006 
,0006 
• OOJE 
• OOOE 
• 0006 
• 0006 
.OOOE 
.coot 
.OOOF 
.0006 
. OOOE 
.OOOE 
.0006 

CO 

04 
03 
02 
•01 
.04 
•09 
00 
00 

on 
on 
on 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

0. 

0^ 
0^ 
0^ 
0, 
0, 
0 
0, 
0 
0 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

XE 
433F.01 

738F 03 
745F 03 
552C 03 
,289F 03 
,1516 03 
•557F 02 
, 112F 0 2 
•833F 00 
.169F-01 
,2546-04 
.120F-08 
•OOOC 00 
•OOOE 00 
•OOOF 00 
•OOOF 00 
•OOOF 00 
.OOOF 00 
.OOOF 00 
.OOOF 00 
.OOOE CO 
.OOOF 00 
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TABLE A2 (Contd.) 

TIME 

0. 
1. 

10. 
25. 
40. 
63. 

100. 
160. 
?50. 
400. 
530. 

1000. 
1600-
2500. 
4000 . 
6300. 

l o n o o . 
16000. 
25000. 
't 0 0 0 0 . 

6,5000 . 

n 

P 
p 

p 
n 
p 

p 

P 
0 
0 
n 
p 

n, 
p' 

p. 
p, 

0 , 

0. 
p , 

p . 

p • 

0. 

IM 
.6936 

• 1036 
• 5i7fc 

• 1016 

.3086' 
• 9416, 

• OOOE 

• OOOfc 

• onofc 
• OOOE 

• 0006 

,0006 
,000E 

i 0P06 

,0006 

,0006 

,0006 

0006 

0006 

0006 

0006 

0006 

on 

04 
03 
01 

-04 
• 09 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

on 
00 

on 
00 

SM 
0 •340C-02 

0^279fc 02 

0^3o4c 02 

0^319F 02 

0^3036 02 

0.2fi8C 02 

0.257c 02 

0.235c 02 

0.192c 02 

0.141c 02 

0.848c 01 

0.3886 01 
O.llOF 01 

0-144C 00 

0.6756-02 
0.413C-02 
0^167F-O7 
0•OOOF 00 
0•OOOF 00 
0^ OOOfc 00 
0•OOOF 00 
O.OOOF on 

SB 
0,5026 

0.5656 
0.556E 
0.5686 
0.5876 
0.6056 
0.6306 
0,6546 
0.7086 
0.7496 
0,775fc 
0,7546 
0.663K 
0-502E 
0 , 3 2 1 E 

0,1516 
0.4756 
0,7426-
0.3656-
0.3976-
0.2126-
0.0006 

-03 

01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
Ul 

ol 
01 

uo 
•01 
02 
04 
07 
UO 

TFl 
0•642E-n5 

0^1?5E-P1 
0.1?^E'Ol 
0,1?5=.P1 
0^126£»01 
0^127£-ni 
0.1286.PI 
0,1^06.01 
0.1346.PI 
0. 141E.P1 
0.1516-01 
0.l68t.ni 
0^193C.01 
0^225E.01 
0^2*06.pl 
0•2896,0] 
0^3P5E.P1 
0^ 3n56.Pl 
0^2956'01 
0^279E.Ol 
0^253£.P1 
0,21SE.ai 

TIME 

0. 
1. 

lo. 
25. 
40. 
63. 

100. 
1*0. 
250. 
400 . 
630. 

1000. 
1600. 
2500. 
4000 . 
5300. 

10000. 
15000. 
25000-

''oooo. 
63000. 

p 

r 
p 
p 

p 
p 

p 

n 
p 
p 

p 

p 
p 

p 

p , 

n, 
p. 

p, 

p. 

p ' 

p . 

n . 

TF2 
.4816 

.9346 

,9366 

,9526 

,9816 

,lDlfc 

• 1066 

• lllfc 

,12^t 

,148fc 

.lH3fc 

• 232fc 

• 2936 

.3436 

,3416 

,2606 

,1326 

,345fc 

3446-

61 86. 

^ 1 3 6 . 

443fc. 

-03 

00 
00 
00 
00 
01 
01 
01 
01 
01 

ni 
01 
01 
01 
01 
pi 
01 
00 
01 
02 
02 
02 

1131 

0 • 995F-06 

0 • 794F-04 

0•804F.04 
0•889C-04 

0•104C-03 

0.119fc-03 

0.142F-03 

0.183F-03 

0.25*6-03 

0.3H0F-03 

0^629F-03 

O^lllF-02 

0^209c-02 
0•402C-02 
0^7156-02 
O.II7F-0I 
0.152F-01 
0.ie9F-ol 
0.197C-01 
0 • 1 9 9 F - II1 

0 .200C-01 
0.201F-01 

http://141E.P1
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1-132 

T A B L E A2 (Contd. ) 

TIME 

0. 
1. 

10. 
25. 
40. 
63. 

100. 
160. 
250. 
400. 
630. 

1000. 
1*00. 
2500. 
4000. 
6300. 

1 C 0 0 0 . 

5.6 0 0 0 . 

2 5 0 0 0 . 

40000 . 

6 3 0 0 0 . 

n . 

P . 

P 1 

PI 

P . 

P 1 

P . 

P < 

P , 

P , 
n 
n 
p 

n 
p 

p 
0 
P 
ft 
p 
p 
n 

SN 
5256-02 

391E P2 
,410fc 02 
,392f 02 
,362E 02 
,3346 02 
,2966 02 
,2446 02 
,1786 02 
,1116 02 
,5056 01 
,1516 01 
,216E 00 
.92*6-02 
,8216-04 
,3116-07 
.OOOF 00 
•0006 00 
.OOUE 00 
.0006 00 
.OOOF 00 
.0006 00 

0. 

0^ 
0. 
0. 
0. 
0. 
0, 
0, 
0. 
0, 
0, 
0 
0 
0 
c 
0 
0 
0 
0 
0 
0 
0 

SB 
55CF. 

955F 
,953c 
,926'^ 
,8836 
,840C 
, 77eF 
,684F 
,550F 
.390F 
.212c 
• 783c 
• 144C 
.Bl*c. 
.941C. 
.460F. 
.317C' 
• OOOF 
• OOOC 
.OOOF 
.OOOF 
.OOOC 

• 02 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
01 
01 

•01 
• 03 

•Oo 
• 11 

00 
00 
00 
00 
00 

0, 

0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

TF 
,2476-05 

,2546-01 

,256E-01 

,2776-01 

,^11E-01 

,343E-01 

,3896-01 

,4556-01 

,5466-01 

,6506-01 

,7586-01 
.8346-01 

.8586-01 
,87iE-01 
.8726-01 
,8696-01 
,8646-01 
•8556-01 
.8436-01 
.825E-01 
.7956-01 
.7516-01 

0, 

0. 
0. 
0. 
0, 
0. 
0, 
0. 
0, 
0. 
0. 
0, 
0, 
0, 
0, 
0. 
0, 
0 
0 
0 
0 
0 

1132 
, 837 = .P4 

,116E OU 
,118E 00 

,ii8e no 
,1186 00 
,118c 00 
,1176 00 
,117E 00 
,117E 00 
,116c 00 
,115E 00 
.115E 00 
,1146 00 
.113E 00 
.DIE 00 
•inaE 00 
•1046 80 
•996E-01 
•938F-01 
•8»2E-nl 
•8286-01 
• 7756-01 



TABLE A2 (Contd.) 

1-13 3 

TIME 

0^ 
1 . 

10 • 
25. 
40 . 
63. 

100. 
16(! . 

2 5 0 . 

400 . 
63n. 

1000. 

1600. 

2500. 

4000 • 

6300 . 

1. 0 0 0 0 . 

15000 . 
2 5 0 0 0. 

40000-

h3000. 

p 

P 
P 
p 
p 

p 

p 

p 

0 
p 
p 
p 
0 
p , 

p, 

p • 

p, 

0 , 

p, 

n. 
p. 
0 • 

SM 
.3476 

.I94fc 

• 1376 

.6076 

.335fe 

-1856. 

.63i<E-

•1726-

• 0006 

• 0006 

• OOOfc 

• 0006 

.0006 

.0006 

,ooofc 
,0006 

,0006 

,0006 

,0006 

,000*^ 

0006 

OOOE 

PO 

04 
04 
02 
00 

• 02 

-06 
•11 
00 

on 
on 
00 
00 
00 
00 
00 
00 
00 

on 
00 
CO 
00 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0. 
0, 
0, 
0. 
0' 
0, 
0. 
0. 
0, 
0-
0^ 

SB 
•2826-02 

•5326 02 

•677F 02 

.764F 02 
•737F 02 

•707c 02 

. 6 6 3 F 02 

.547F 02 

.b04F 02 

.391F 02 

.256F 02 

. 1 3 4 F 02 

.473F 01 

.872c 00 
,690F-01 
•1016-02 
,l55F-05 
,458c-10 
,OnOF 00 
,000^^ 00 
OOOF 00 
OOOF 00 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0. 
0, 
0 , 
0, 
0 • 

0 , 
0 , 
0, 
0, 
0. 
0. 

TEl 
.2226, 

.245E 

. 246E 

.2556 

.273E 
•2896 
,3I3E 
• 3476 
• 395E 
,451E 
,5116 
. 5 5 3 E 

.557E 
,5076 
,4196 
,3016 
,l60fc 
,7936 
,2096 
283E. 
1016-
6l06-

-03 

01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
ol 
00 
00 
•01 
•02 
•05 

0 

0 
0 
0 
0 
0 
0. 
0, 
0, 
0, 
0. 
0, 
0, 
0. 
0. 
0-
0. 
0. 
0^ 
0. 
0 -
0. 

T62 
.5786.02 

•636E P2 
•5336 0 2 
.612E 02 
•579E 02 
•548E 02 
•5n4E 02 
,442E 02 
.3596 P2 
.265E 02 
,166E 02 
,85^6 PI 
,337E 01 
,1166 PI 
5046 00 
•4n7E no 
244E PO 
1P7E PO 
2336-01 
383E.P2 
1 Wfc.Pi 
8256.05 

TIME 

0. 
1. 

10. 
25. 
40. 
63. 

100. 
150. 
250. 
400. 
630 . 

1000. 
1600. 
2500. 
4000. 
6300. 

lUOOO-
1600D. 
25000 . 
4 0 0 0 0. 

6 3 0 0 0. 

p 

p 

p 

p 

p 

P 
p 

p 

p 

p 

n 
p 

p 

p , 

p, 

p , 

p . 

p ' 

p , 

p , 
p . 

p . 

1133 
.9266-05 

.503^-01 
• 5096-01 
• 5636-01 
.6486-01 
.7306-01 
.847fc-01 
•1026 00 
,1266 00 
,1546 00 
,1896 00 
.2246 00 
.259E 00 
.2(J46 00 
.3326 00 
.3776 00 
,4196 OC 
'4456 PO 
,446F 00 
,4176 00 
,364fc on 
2946 00 



TABLE A2 (Contd.) 

1-134 

TIME 

0. 
1 . 

1 0 . 
2 5 . 
4 0 . 
6 3 . 

1 0 0 . 
1 6 0 . 
2 5 0 . 
4 0 0 . 
630 . 

l o o n . 
1 6 0 0 . 
2 5 0 0 . 
4 0 0 0 . 
6 3 0 n . 

10000. 
16000, 
2500C. 
40000 . 
63000. 

1-13 5 

p , 

p . 

p 1 

p, 
p 1 

p , 

p , 

p, 
p 

p 

p 

ft 

p 
n 
0 

ft 
ft 

0 
p 

0 

0 

n 

SB 

,144F. 

,2C7E 

,217E 

,1906 

,1536 

,1236 

,885fc 

• 5196 

• 2186 

,5956 

,6826 

•01 

03 

03 

03 

03 

03 

02 

02 

02 

01 
CO 

.2456-01 

.1186. 
,2036. 

,0006 

,000E 

.OOOE 

,0006 

• 0006 

,0006 

,0006 

.0006 

• 03 

• 07 

00 

00 

00 

00 

00 
00 

00 

00 

0. 

0. 

0. 
0, 

0, 

c, 
0, 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TE 
,275F. 

,877F 

.8836 

.931F 

.997F 

.105F 

,111F 
• 117C 

• 121F 

• 121F 

• 117F 
• llOF 

• 990F 
• 84CC 

• 656F 

• 434F 
• 231F 

• 833F 

• 150F 

• P3 

01 

01 
01 

01 

02 

02 

02 

02 

02 

02 

02 

01 

01 

01 

01 

01 

00 

00 

•1J5F-01 

•217F-03 

•389F-•05 

0 

0, 

0 

0, 

0, 

0, 

0, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1134 

,218E-

,3996 

. 399E 

.400E 

,4026 

,404E 

,407E 

,413E 

• 423E 

.439E 

• 4636 

• 4956 

• 5386 

• 5846 

.5126 

,5896 
,4806 

• 289E 

.103E 

.180E 

•03 

01 

01 
01 

01 

01 

01 
01 

01 

01 

01 
01 

01 

01 

01 

01 

01 

01 

01 

00 

•795E-02 

•569E' • 04 

T I ME 

0. 

1. 
1 0 . 

2 5 . 

4 0 . 

6 3 . 

1 0 0 . 

l 6 0 . 

2 5 0 . 

4 0 0 . 

6 3 0 . 

1 0 0 0 . 

1 6 0 0 . 

2 5 0 0 . 

4 0 0 0 . 

6 3 0 0 . 

1 0 0 0 0 . 

1 5 0 0 0 . 

2 5 0 0 0 . 

40000 . 

6 3 0 0 0 . 

ft. 

P . 

ft c 

p . 

p , 

p . 

ft 1 

p . 

0 , 

p , 

p , 

n 
p 

p 
0 
ft 
ft 

ft 

ft 

0 

ft 

0 

SB 
1156 

4266 

,3796 

,134E 

,23 76 

,4196 

,2946 

,4096. 

,400E. 

.1226. 

, OOOE 

.0006 

,0006 

.OOOE 

.OOOE 

.OOOE 

.OOOE 

,000E 
,0006 

.OOOE 

.OOOE 

,0006 

00 

03 

03 

03 

02 

01 
00 

• 02 

• 05 

• 09 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

0^ 

0^ 

0^ 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TE 

8 2 5 F - 0 2 

157E 03 
1596 03 

154c 03 

,152F 03 

,136F 03 
,113F 03 

,830F 02 

,5C5F 02 

,241E 02 
.698F 01 

•1C5F 01 

.494C-01 

.3496-03 

.2C8E-06 

•OOOF 00 

•OOOF 00 

.OOOF 00 

.0006 00 

.OOOE 00 

.0006 CO 

.OOOF 00 

1135 

0.287E-

0.691E 
0.6956 

0.737E 

0.8066 

0.867E 

0.949E 

0.105E 

0.1166 

0.125E 

0^130E 

0,132E 

0.1316 

0.1286 

0,1256 

0.1206 

0,1126 

0,1016 

0,849E 

0.6556 

0.4256 

0.2206 

04 

00 

00 

00 

00 
00 

00 

01 
Ol 

01 

01 

01 

01 

01 

01 

01 

01 

01 

oo 
00 

00 

00 



APPENDIX B 

Sample P r o b l e m 

The s a m p l e p r o b l e m is a ca l cu l a t i on of the n u m b e r of "*I a t o m s 
r e l e a s e d f rom the s t ack for 15 min (FINTIM = 900 sec) fol lowing the s t a r t of 
the acc iden t . I n s t an t aneous r e l e a s e of f i s s i on p r o d u c t s to the ce l l a i r 
(RATE = 0) and f i l ter holdup of p r e c u r s o r a t o m s (PATH=1) a r e c o n s i d e r e d . 

GASOUT u s e s a t ime i n t e r v a l . At:, of 0.5 sec for the f i r s t 30 s ec 
following the s t a r t of the acc iden t . During th is t i m e the ce l l p r e s s u r e 
bui lds up, p e a k s , and begins to decay. This t i m e i n t e r v a l a d e q u a t e l y 
r e p r o d u c e s the p r e s s u r e cu rve r e p o r t e d for the DBA a n a l y s i s in Ref. 1 in 
which s m a l l e r t ime i n t e r v a l s (-0.01 sec) w e r e used . F o r t i m e s g r e a t e r 
than 30 sec , when the p r e s s u r e v a r i e s s lowly, a longer t i m e i n t e r v a l 
(input p a r a m e t e r DTX) can be used. F o r th is e x a m p l e DTX=4.0 sec w a s 
chosen. Stabil i ty of the n u m e r i c a l method for t h e s e t i m e i n t e r v a l s w a s 
checked by dividing al l t ime i n t e r v a l s in half and ver i fy ing tha t the s a m e 
answer was obta ined. 

Table Bl l i s t s the to ta l number of gas a t o m s r e l e a s e d f r o m the 
s tack af ter 15 min for each of the Kr , Xe, and I f i s s ion p r o d u c t s c o n s i d e r e d . 

T A B L E B l . T o t a l N u m b e r of G a s A t o m s R e l e a s e d 
f r o m S t a c k a f t e r 15 m i n 

( n o r m a l i z e d to 8 .4351 x 10^ f i s s i o n s ) 

A = I n s t a n t a n e o u s r e l e a s e of f i s s i o n p r o d u c t s wi th no f i l t e r 
ho ldup . 

B = I n s t a n t a n e o u s r e l e a s e of f i s s i o n p r o d u c t s wi th f i l t e r h o l d u p . 

C - C o n s t a n t b u r n i n g r a t e r e l e a s e of f i s s i o n p r o d u c t s wi th 
f i l t e r holdup. 

I so tope 

" K r 
" K r 
" K r 
" K r 
" K r 
' " K r 
" K r 
' « X e , 
' " X e 
' " X e 
' " X e 
' " X e 
"•"Xe 
" ' I 
132T 

' " I 
' " I 
' " I 

4 .3 
1,0 
2.0 
2.8 
2 .3 
9.7 
2 2 
1.8 
3.7 
3.0 
3.0 

8 9 
2 .4 
2 ,3 
3.5 
5,2 
6,1 
4,4 

.,\ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10 ' 
10" 
10-
10" 
10" 
10 ' 
10 ' 
10" 
10" 
10" 
10" 
10 ' 
1 0 ' 
10" 
10" 
10" 
10" 
10" 

B 

1,3 X 
1,0 X 
2,0 X 
2,8 X 
2 ,3 X 
9,7 X 
2.2 X 
3.3 X 
5.6 X 
3.0 X 
3.0 X 

8,9 X 
2,4 X 
1,7 X 

•1 ,4 X 
2 .6 X 
2 .6 X 
4.4 X 

10^ 
10" 
10" 
10" 
10" 
10 ' 
10 ' 
10 ' 
10 ' 
10" 
10" 
1 0 ' 
1 0 ' 
10 ' 
1 0 ' 
10" 
10" 
10" 

c 

1.4 X 10 ' 
1 , 1 x 1 0 ' 
2,2 X 1 0 ' 
3,1 X 10 ' 
9 ,8 X 10 ' 
1.2 X 1 0 ' 
1.7 X 10 ' 
3.1 X 1 0 ' 
6.7 X 10 ' 
1.5 X 10 ' 
2 .8 X 10 ' 
1 2 X 10 ' 
2.2 X 10 ' 
2 .0 X 10 ' 
1 5 X 10 ' 
2 .9 X 1 0 ' 
2 . 8 X 1 0 ' 
5.0 X 10 ' 
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For some gas isotopes (e.g., '^Kr), including filter holdup of precursor 
atoms (Case B) gives the same number of atoms released from the stack 
as the number obtained with no filter holdup (Case A). For these isotopes 
the p recur so r atoms have a short half-life so that the time holdup in the 
filter is small compared to the time of the problem. Fil ter holdup of 
p recursor atoms can then be neglected. 

Sample Problem--Input 

( 1 1 3 4 ) ISSTSPE CHAIN 
12 0 1 

4 , 0 
1134 

3 , 9 9 
4 . 1 3 

SH 
2 0 7 , 
5 1 . 9 

TE 
8 , 77 
1 1 . 7 

XXXX 
0 .0 
0 .0 

XXXX 
0 .0 
0 .0 

x x x x 
0.0 
0 .0 

2 . 

C144< 

2 . 

1^0 

1.0 

1 .0 

9 0 0 . 0 
l B E - 4 

3 . 9 9 
4 , 2 3 

1 
2 1 7 . 
2 1 , 8 

75fc-4 
8 , 8 3 
1 2 . 1 

C O 
0 .0 

C O 
0 .0 

0 .0 
0 .0 

SB-TE-1 
10 

1.0 

4 . 0 
4 . 3 9 

1 9 0 . 
5 .95 

9 . 3 1 
1 2 . 1 

0 .0 
0 .0 

0 .0 
0 .0 

0 . 0 
0 .0 

4 . 0 2 
4 . 6 3 

1 5 3 . 
.682 

9 . 9 7 
1 1 . 7 

0 .0 
0 .0 

0 .0 
0 .0 

0 .0 
0 .0 

4 . 0 4 
4 . 9 5 

123 . 
.0246 

1 0 . 5 
1 1 . 0 

0 .0 
0 .0 

0 .0 
0 .0 

0.0 
0 .0 

4 . 0 7 
5. 38 

8 8 . 5 
, OOOUS 

l l . l 
« .90 

0.0 
0 .0 

0 .0 
0 .0 

0 .0 
0 .0 
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S a m p l e P r o b l e m - - O u t p u t 

P R U G K A M G A S U U T 

< I 1 3 4 ) IbUTUPfc CHAIN S « - I E - 1 

R A T E ^ C , TH IS PRU8LEM C O N S l O t R S INSTANTANEOUS BURNING 
P A T H = l , T H I S PATH INCLUUfcS F I L T E K HDLUUP OF PRECURSORS 

DECAY CHAIN 

ISOTOPE LAMBUA 

1 1 3 4 2 . 1 8 O 0 C E - 0 4 
SB 1 .44 ' .CCfc -C2 
TE 2 . 7 5 0 C C E - 0 4 
XXXX l .OCuOCE CO 
x x x x l .CCOOCE 0 0 
XXXX l .OOCOCE CO 

I N I c R P Q L A l I O N TABLE 6UR TOTAL NO. OF ATOMS 

J TIME 1 1 3 4 ATOMS PRECURSOR ATOMS 

1 
2 
3 
4 
5 
b 
7 
B 
9 

10 
11 
12 

6.cr 
7 . 0 0 

1 6 . C C 
3 1 . 0 C 
4 6 . 0 0 
6 9 . C O 

1 0 6 . I G 
1 6 6 . CO 
2 5 6 . 0 0 
' tOb .CO 
6 3 6 . 0 0 

1 0 0 6 . O C 

1 . 8 3 0 2 8 6 
1 . 8 3 0 2 8 E 
1 . 8 3 4 8 6 6 
1 . B'. ' t04fc 
1 . 8 5 3 2 1 E 
1 . 8 6 6 9 7 E 
1 . b9' ,49fc 
1 . 9 4 0 3 7 E 
2 . C 1 3 7 0 F 
2 . 1 2 3 8 ! J £ 

2 . 2 7C64E 
2 . 4 t ) 7 8 9 E 

• 0 4 
J 4 
0 4 
C 
0 4 
C4 
C 
0 4 
0 4 
C 
0 ^ 
0 4 

4 . 6 2 2 6 1 E 
' J . 7 1 3 6 8 E 
4 . 7 C 1 2 4 E 
< . . 6 b 5 0 1 E 
4 . f a 6 9 9 8 E 
4 . 6 ' . 9 2 4 E 
4 . 6 1 3 9 6 E 
4 . b i 0 9 7 E 
4 . ' , 4 1 2 G E 
4 . 2 5 9 2 7 E 
4 . 0 0 C 1 7 E 
3 . 6 0 C 0 C E 

0 4 
0 4 
0 4 
0 4 
0 4 
0 4 
0 4 
0 4 
0 4 
0 4 
0 4 
0 4 

TIME INTERVALS 

FOR T l H t LESS IHA,N( 30 SfcC, UT= C . 5 SEC 

FUK T I M L oRtATER THAN 30 S E C , DT= 4 . P C SEC 

PRINT OUTPUT EVERY 10 TIME STEP 

http://16.CC


(1134) ISOTOPE CHAIN SB-TE-I 

OUTPUT 

OUT OF CELL 

J 

1 
1 1 
2 1 
3 1 
4 1 
5 1 
6 1 
7 1 
8 1 
9 1 

1 0 1 
1 1 1 
1 2 1 
1 3 1 
1 4 1 
1 5 1 
1 6 1 
1 7 1 
1 8 1 
1 9 1 
2 0 1 
2 1 1 
2 2 1 
2 3 1 
2 4 1 
2 5 1 
2 6 1 
2 7 1 

TOTAL 
TOTAL 
TOTAL 

T I M E 

0 . 5 0 0 
5 . 5 0 0 

1 C . 5 0 0 
1 5 . 5 0 0 
2 0 . 5 0 C 
2 5 . 5 0 0 
3 4 . 0 0 0 
7 4 . 0 0 C 

1 1 4 . C O O 
1 5 4 . COO 
1 9 4 . C O O 
2 3 ' . . C C 0 
2 7 4 . C 0 0 
3 1 4 . C 5 0 
3 5 4 . C O O 
3 9 4 . C O O 
'ti't.COO 
4 7 4 . C O O 
5 1 4 . 0 0 0 
5 5 4 . C O O 
5 9 4 . D O C 
6 3 4 . C O O 
O 7 4 . 0 0 0 
V 1 4 . 0 ' J O 
7 5 4 . 0 0 0 
7 9 4 . C O C 
6 3 4 , 0 0 0 
6 7 4 . C O C 

GAS ATOMS OUT 

GAS I N 

1 . 6 3 C 2 8 E 
1 . 8 3 0 2 8 E 
1 . 6 3 1 9 3 E 
i . 8 2 2 5 0 E 
1 . 7 0 4 6 2 t 
1 . 5 7 2 0 4 E 
1 . 3 9 6 2 8 t 
9 . 9 7 3 7 4 f c 
8 . , : 9 6 5 1 t 
7 . 1 6 2 1 0 k 
6 . 2 6 7 C 6 E 
5 . 5 C 8 8 1 E 
4 . 8 4 3 3 1 E 
4 . 2 e > 3 1 < t 
3 . 7 3 3 0 1 t 
3 . 2 7 4 8 2 E 
2 . 8 6 8 2 2 E 
^.b09b4t 
2 . 1 9 5 2 3 E 
1 . 9 1 9 7 0 E 
1 . 6 7 8 3 7 t 
1 . 4 6 7 C 8 E 
1 .2800 !>E 
l . l l b 5 1 t 
9 . 7 3 7 4 6 t 
8 . 4 9 1 4 9 E 
7 .404<;0 fc 
6 . 4 5 5 5 3 E 

OF CELL 

0 4 
0 4 
0 4 
0 4 
0 4 
C4 
0 4 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
J 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
C3 
0 3 
'^3 
0 3 
02 
1 , ^ 

0 ^ 
0 2 

PRECURSOR ATOMS OUT 0(- C t L L 
NUMbER OE ATOMS OUT UE C t L L 

PREC I N 

4 . 0 9 8 9 5 E 
4 . 5 5 4 3 1 E 
4 . 7 0 9 1 9 t 
4 . 6 7 1 b 6 E 
4 . ^ ! ) 7 1 0 t 
4 . 0 C 6 9 1 E 
3 . ! ) 4 5 5 C E 
2 . 4 7 9 2 3 F 
2 . 0 1 2 9 b h 
1 . 6 9 4 5 8 E 
1 . 4 4 3 8 7 E 
1 . 2 3 4 9 4 E 
1 . C 5 7 3 2 E 
9 . 0 5 1 7 5 E 
7 . 7 4 b C 0 t 
6 . 6 2 5 7 1 E 
5 . 6 6 8 2 2 E 
4 . 8 4 8 9 1 E 
4 . 1 4 6 8 9 E 
3 . 5 4 b 6 4 E 
3 . 0 3 C 9 G E 
2 . 5 9 0 3 7 E 
2 . 2 1 4 3 8 E 
1 . 8 9 2 7 5 E 
1 . 0 1 7 5 8 E 
1 . 3 8 2 2 2 E 
I . 1 8 0 9 3 E 
1 . 0 C 8 B 0 E 

I 

04 
0 4 
0 4 
04 
0 4 
0 4 
04 
0 4 
0 4 
04 
04 
04 
0 4 
03 
C3 
03 
03 
0 3 
0 3 
03 
03 
0 3 
03 
03 
03 
03 
03 
0 3 

= 1 . 6 9 5 5 8 k 0 4 
= . . . 4 ^ J 6 8 E 0 4 

= 6 . 3 1 9 2 6 E 0 4 

GAS OUT 

0 . 0 
C O 

o.u 
5 . 2 1 1 7 2 E 
l . b 3 6 3 7 E 
1 . 2 l 9 9 4 t 
8 . 0 1 2 9 3 E 
2 . 5 1 3 2 b E 
1 . 4 7 8 9 2 E 
1 . 1 1 8 2 6 f c 
9 . 2 8 2 7 0 E 
8 . 0 2 b 6 < ; k 
7 . C 3 6 b b E 
6 . l a 8 2 0 k 
b . 4 4 3 b 0 k 
4 . 7 8 b 2 0 t 
4 . l 9 8 0 b E 
3 . 6 7 / 8 8 E 
3 . 2 2 0 2 4 E 
2 . 8 1 8 3 5 t 
2 . 4 6 5 4 9 E 
2 . l 5 6 0 5 f c 
l . d 8 1 8 C f c 
l . 6 4 l R u t 
1 . 4 3 2 1 ! > k 
1 . 2 4 9 0 7 f c 
1 . 0 8 9 2 6 f c 
9 . 4 9 7 6 7 k 

PKEC 

0 1 
0 2 
0 2 
C2 
0 2 
0 2 
1^2 
0 1 
3 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
U l 
0 0 

OUT 

0 . 0 
0 . 0 
0 . 0 
1 . 3 3 5 9 1 E 
3 . 9 2 7 0 3 k 
3 . 1 0 9 4 6 E 
2 . C 3 4 6 8 k 
6 . 2 4 f 3 3 k 
3 . ! > 8 8 2 4 E 
2 . 6 4 b 8 6 E 
2 . 1 3 8 6 4 f c 
1 . 7 9 9 1 5 k 
1 . 5 3 6 1 4 E 
1 . 3 1 7 0 1 k 
1 . 1 2 9 5 3 E 
9 . 6 8 1 b ! j E 
a . 2 9 6 2 5 1 
7 . 1 0 6 l 0 t 
6 . 0 8 3 2 0 k 
5 . 2 0 b 4 1 k 
4 . 4 ! > 2 3 1 t 
3 . 8 0 b 8 b k 
3 . 2 5 b 3 8 E 
2 . ^ 8 3 2 5 t 
2 . 3 7 9 0 8 E 
2 . 0 3 3 2 0 f c 
1 . 7 3 7 3 0 k 
1 . 4 H 4 2 0 k 

0 2 
0 2 
0 2 
0 3 
0 2 
0 2 
0 2 
0 2 
J 2 
0 2 
0 2 
0 2 
0 1 
0 1 
0 1 
0 1 
0 1 
U l 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 



(1134) ISOTOPE CHAIN SB-TE-l 

OUT OF STACK 

GG = GAS OUT OF STACK OUE TO GAS OUT OF CELL 
GP = GAS OUT OF STACK OUE TO PRECURSORS OUT OF CELL 

GG GP 

1 
11 
21 
31 
41 
51 
6 1 
71 
81 
9 1 

101 
U l 
121 
131 
141 
151 
161 
171 
181 
191 
201 
211 
221 
231 
241 
251 
261 
271 

0 . 0 

o.c 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . U 4 3 8 E 
4 . C 4 b b 8 t 
2 . 0 5 2 0 4 E 
0 . 0 
I . 19364E 
i .oissrE 
0 . 0 
7 . 9 1 0 7 0 E 
7 . 1 4 0 7 1 E 
6.4b032fc 
C . C 
5 . 3 4 3 8 2 t 
4 . 8 8 b 9 2 E 
0 . 0 
4.C9C63E 
3 . 7 4 1 6 0 E 
0 . 0 
3 . IbOObt 
2 . 9 2 3 3 1 E 
O.r, 
2 . 5 3 5 3 0 E 
0 . 0 

03 
02 
02 

02 
02 

01 
01 
01 

01 
0 1 

01 
0 1 

0 1 
01 

01 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
C O 
O.C 
3 . 4 3 2 9CE 
1.52C65E 
2 . 1 4 4 3 5 E 
2 . 4 2 3 5 7 E 
3 . 0 6 5 b 4 E 
3 . 2 9 4 3 5 E 
3 . 4 4 9 5 3 E 
3 .62C05E 
3 . 753B7E 
3 . 8 7 3 2 1 E 
3 . b 9 5 1 4 E 
3 . 7 8 4 3 9 E 
3 .863C9E 
3 . 9 2 4 9 1 E 
3 . 9 8 3 3 3 E 
4 . 0 3 8 1 2 E 
3 . 9 1 4 0 5 E 
3 .954G1E 
3.98453fc 
4 . 0 1 6 9 5 t 
4 . 0 4 2 5 2 E 
4 . 0 6 2 1 b E 

00 
01 
01 
01 
CI 
01 
01 
01 
01 
0 1 
CI 
01 
01 
0 1 
0 1 
0 1 
0 1 
01 
0 1 
01 
0 1 
0 1 

TOTAL GG OUT STACK = 1 . 8 3 3 5 9 E c 4 
TOTAL GP QUI STACK = 7 . 5 7 h 9 4 E 0 3 

CHI= I . 0 0 0 
C H I * G P = 7 . 5 7 b 9 4 E C3 
I 1 -CH l )*GP= 0 . 0 

F I N A L NUMbLR OF 1134 ATOMS OUT STACK = GG • C h I * G P = 2 . 5 9 1 2 9 E 0 4 
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APPENDIX C 

Code Listing 

LEVEL 10 ( 1 JULY 6 d l OS/360 FJRtR»N H O A l t 7 0 . 0 1 2 / l > . 0 « . 2 * 

COMflLEK O K t l O N i - HML- H « I N . O P T - O C , L I N E C N T . i ? , SUUKCt, t B C U I C . N U L I S I , NJDICK . L O M ) . 
C P K U O K A M OiSOur HAP.NOEUIT, ID,NO<lte»' I 
c " 1 
C JANUARY l.i7C 
c 
C CALCULAIES AMOUNTS Uf- ISUTOPES tXPELLfcO l-KOM CELL IN A UbA 1 
C I 
C H A r t = C UtANS INSIANlANtOUS RELEASE OF I - ISSION PKOOULTS 
C R A T t = l MEANS tJNSIANT RELEASE RATE fUR ONE HOUR 
C PAfH = r M£A,'̂ S NO HUL13UP IN U L T t R , TIME INOEPtNDENI 1 
C PAFM"! MEA,-«S INCLUDE U L I E R HOLDUP, I 1 ME DEPENDENI I 
C I 

ISN COO^ U I M F N . S I I , N E K P n i , C 1 I 2 0 I , 0 1 1 2 0 1 , E l l ^ n i . P R E U U t l 9 9 9 I . F I 9 . < < ) l . 
XphESTKl>)')<)l , F P ( 9 9 9 I •TEN0I99<) I ,U1 ( 9 . < S I , I U t N I I 2 0 J , 1 2 ( 9 < 9 l , 2 
X A U , > C I , U U I C E L ( 9 9 9 ) , U U I S I K.( 9991 , l u l I 2C I , I NLELL I 9 9 9 1 , PRE I Nl 9991 , 
KOI 999 I , E I 9 9 9 1 , F 1 I 2 0 I , A I 9 9 9 I , b l 9 9 9 l . C I 999 I . I 11 21> 

ISN U L I J 3 R E A L INtcLL,LAMbA^LAMBB^LAMbC*LAMUU^LAHBE.LAMUF,MU 4 
ISN OOe <• INIE&FR KAIE,PATM i 
ISN OCL} DATA 1 1 / » . , 7 . , 1 6 . , J l . , 4 6 . , 6 9 . , 1 0 6 . , 1 6 6 . , 2 ^ 6 . . 

X4( o . , 6 : i 6 . , ICf 6 . , 1 6 0 6 . , 2 ^ 0 6 . , . * 0 C b . . 6 J 0 6 . . 1 0 0 0 6 . . 1 6 0 0 6 . , 2 % 0 C 6 . , 4 0 0 0 6 
X . , b 3 C 0 6 . / 

ISN 001,6 1 FORMAT I 6 E 1 2 . 5 I f 
ISN 0C07 2 FORMAI ( 4 ' , , E 1 2 . 5 1 • 
ISN OCl,» 7 FORMAT (2 OA*. I » 
ISN 00,:9 i r FUKMAI 112161 10 
ISN , ' J L U U S RtAO 1 3 , 7 1 I D t N I 
ISN t c i i H E A O I 3 ^ I O I M . R A T E , P A T H , J O T 
ISN CC12 READ ( 3 , 1 1 U I X , F l N t l H , C H I 

C ' * 
ISN 0 1 1 3 OK l l = f . . b 
ISN f O l * l E N J I I l = D T ( l l H 
ISN , lC lb T 2 1 1 M 0 . 2 5 
ISN c n i o 0 0 11» J=2 ,6C 
ISN O o l / O i l J I = O . S 
ISN 0018 JJ=J-1 16 
ISN 'JC19 T2I JI=IENOI JJI»'^.t>»DI( Jl IT 

ISN Cj20 114 lENOIJl=TEND1JJI.DTIJl •• 

iSN 0021 Jl=6l 
ISN 0C22 113 J=JT % 
ISN u023 DI(J1=UIK 
ISN 002* JJ=J-1 
ISN 'i025 I2( JI=TENOI JJI»C.5»0T1 Jl 
ISN 0„26 TE.-IDI J) = IENOI JJI»OTI Jl 

ISN 00^7 J t = J » l 
ISN 0o28 IF I I E N U 1 J I . L T . U N T I M I bU TO 113 
ISN 1.030 N2 = J JJ 

READ IN ATOM NUMBERS Al IIHES III II JJ 
ALWAYS INPUT NOBLE OAS UESIRED FIRST »• 

20 

ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
IS,4 
ISN 
ISN 
ISN 
ISN 
ISN 
1 SN 
ISN 
ISN 
ISN 
ISN 

C C 3 1 
0032 
OOil 
CO 34 
Co 35 
C036 
C037 

CC38 
0039 

oo*: 
CJil 
00*2 
.-.,<.3 

o C * * 
0..*5 
r,c'.*b 
00-7 
00*6 

uC<.9 
O C J O 

c 
c 
c 
c 

READ (3,21 NAMEA,LAMBA 
READ (3,11 ( A i d 1,1 = 1,Nil 

21 
22 

2» 

READ 13,li ( C K I I ,1 = 1,Nil 

RtAO 13.21 N A M L B , L A M B B 
READ 1 3 , 1 1 ( 8 1 1 1 1 , 1 = 1 . N i l | » 
READ 1 3 , 2 1 NAMEC.LAMBC " 

READ ( 3 , 2 1 NAMED,LAMBD 
READ ( 3 , 1 1 ( O i l I I , 1 = 1 , N i l 
READ 1 3 , 2 1 NAMEE,LAMBE 
READ 1 3 , 1 1 ( E l l I I , 1 = 1 , N i l 

2T 
2 t 
2 « 
M 

READ 1 3 , 2 1 NAMEF,LAMaF ' J 
READ 1 3 , 1 I I F K I 1 , 1 = 1 , N i l * ? 
HR 11E 1 * , 19 I " 

19 fOKMAT U M l l * * 
••RITE ( ^ • 3 5 l * * 

35 EURMAI I 1 5 H PRUORAM O A S U O I / / I ' * 
- R U E 1 4 , V I ( l O E N K l 1 , 1 = 1 , 2 0 1 ' ^ 
IF ( R A I E l 3 1 , 3 1 , 3 4 ' • 

31 - R l T c ( * , 3 6 l 3» 
36 F o R M A I ( / / 5 3 H R A I t = C , THIS PROBLEM CONSIDERS INSTANTANEOUS BURNINGI 4 0 

http://IENU1JI.lt
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ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
IS<1 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 

0051 
0C52 
00 3 3 
0054 
0055 
CC56 
"OS? 

0058 
CC59 
LOftO 
0061 

''t62 
0063 
006* 
0C65 
ro66 
1 067 
Ccba 
C0t9 
0070 
C071 
0072 
C173 
(.•0 7 * 

0075 
CC76 
U.77 
:c 7u 
,-i 79 

OOOL' 
COul 
OJO2 
OC 33 

ISN CC3* 
ISN 0Co5 
ISN QL6O 
ISN Cta7 
ISN î,o9 
ISN 0090 
ISN 0091 
ISN f.o9i 
ISN OC-,3 
ISN 0^9* 
ISN 0095 
ISN OU'ib 
ISN 00-,7 
iSN 01.̂ ,8 
ISN ,^099 
ISN c i f r 
is.« c i c i 

ISN 0 1 0 2 
ISN r i , 3 
ISW C 1 J * 

I S N . ; 1 . 5 

IS,» 0 1 , - 6 
I SN 1 1 ( 7 
ISN ^ . i ^d 
ISN 0 1 . 9 
ISN O l i o 
ISN 0 1 1 1 
ISN o l l 2 
ISN >, 1 J 3 
ISN o i l * 
i n C 1 1 5 

OU TO 95 
3 * hHlTE l * , 9 t l 
92 F O R M A I I / / 5 2 h R A I E = 1 , I H 1 S PRUbLEM CONSIDERS CONSTANT BURNINO RATE) 
95 IF IP4THI ao^BC^B l 
80 .JKITt 1 4 , 621 
82 FuR,^4T ( * 5 H PAIH=,-^ THIS PATH DUES NUI INCLUDE FILTER HOLDUPI 

OU TO 6 
•-I WHITE I * , 8 3 1 
83 F0RMAM55r i P A I H = 1 , THIS PATH INCLUDES F l L I f c R HOLDUP UF PRFCURSORSI 

6 «r<ITE ( * , 8 I 
8 FOKMAT ( / / 1 2 H DELAY C H A I N / / 2 X , 2 2 M ISOIUPE L A M B D A / / I 
9 FORMAT ( o X , A * , * X , l P f c l 2 . 5 ) 

WRITE 1 * , 9 I NAMtA,LAMBA 
wRITF ( 4 , 9 1 NAMfcb.LAMBB 
WRITE ( * , 9 1 NAMEC.LAMBC 
WRITE ( * ^ 9 1 NAMED,LAM80 
WRITE ( 4 , 9 1 NAMEE,LAMB£ 
WRITE ( 4 ^ 9 ) NAMtF,LAMBF 
DO 16 J = 1 , M 

A K J I = A 1 ( J I /LAMBA 
D l ( J ) = 0 1 ( J I / L A M B R 
C l l J ) = C 1 I J I / L A M B C 
U K J ) = 0 1 ( J I /LAMbO 
L U J l = £ M J J / L A M b t 

16 F l ( J I = F 1 ( J I / L A M B F 

Do 57 J = l , N 1 
57 T O I l J ) = e l l J l » C l l J I « D l ( J I . E l ( J l « F l ( J I 

WRITE 1 4 , 5 8 1 NAMtA 
5a FORMAT ( / / / * 3 H 1 NI t RPULAT10,„ lAbLE FOR TOTAL NO. UF ATOMS// 

XbX.OH J . l b M T I M t , b X , A * , 8 H AlUMS , 1 6 H PRtCURSOK AIO 
X M S / / I 

„ R I ' f 1 4 . S 9 I ( J , I U J l , A 1 ( J I . T O T I J I , J = 1 , N 1 I 
59 FORMAT ( b X . 1 6 , C P F 1 6 . 2 , 1 P E 1 6 . 5 , 1 P E 1 6 . 5 I 

WRITE 1 * , 7 * 1 DTX,JUT 
7* FORMAT ( / / / / 1 5 H TIME I N T f c R V A L S / / * I H FOR TIME LESS THAN 30 SEC. 0 

l t = ^ . 5 SEC/ /36H FOR I I ME OREAIER IHAN i l s t L , U I = F 5 . 2 , * H s t c / / / / 
21' 'H PRINT OOTPOT EVERYI3,1CH TIME STbPl 

I N T t K P u L A T l o N 

l , l«EN AT.jM NUMBERS AT TIMES T i l l ) , FIND VALUES Al I IMES I 2 I J I 

R tuUlKCS I I I I I . L E . T 2 I 1 I AND T 1 1 N l I . 0 1 . T 2 ( N 2 I 

1=1 
DO 15 ,l = l , N i 

11 I I = I H 
IF 1 I 2 ( J l . 0 1 . T i l I I I I 0 0 ID 12 
D11 = 11 ( I I 1 - 1 J I I I 
D T 2 = I 2 1 J l - T l l l 1 
ALPHA=UT2/0TI 
A 1 J I = A 1 I 1 ) . A L P H A * 1 A 1 1 I I 1 - A 1 1 1 1 ) 
b l J I =311 I l » A L P H A » l b l 1 1 1 l - B l l 1 ) I 
C 1 J I = C 1 I I I . A L P H A » I C 1 I I I I - C l l l l l 
Dl 11=011 1 HALPHA*I 01 I I I 1 - 0 1 1 I I I 
El J I = E 1 1 1 H A L P H A » l l l ( I I l - E K I I I 
F I J 1 = F 1 ( I 1 « A L P H A » I F 1 ( I I l - F l l I I I 
0 0 TO 15 

12 1 = 1 + 1 
GO TO 11 

15 CdNTlNOt 

SET I n I I I A L L'INOITIONS 

CFSP=*0 .0 
V = 3 t 5 C l . ; 
I 1ME=0 .0 
DKTIME = l,.C 
KEMAIN=1. ,^ 
I R 2 = 5 3 3 . 
P A 3 = 1 * . 7 
P03 = 0. r , 
w3=2 70C. 
riLiN=.-,.-: 
00 i r j= 
.JuTSTRI Jl 
PktSTKIJl 

i : F P ( j i = o . -

UN2 

»9 
50 
51 
52 
S3 
54 
b5 
56 
it 
be 
S9 
6D 
61 
62 
63 
64 
6S 
66 
67 
68 
69 
59 
69 
7" 
71 

71 
71 
Tl 
71 
71 
71 
72 
73 
74 
75 
77 
78 
79 
ap 
m 
82 
83 
84 
85 
86 
87 
88 
89 
89 
89 
89 
9D 
91 
92 
93 
94 
9» 
96 

Ul 
1"1 
102 
103 



ISN 0 1 1 7 
ISN 0 1 1 8 
ISN 0 1 1 9 
ISN 0 1 2 1 
ISN 0 1 2 2 
ISN 0 1 2 3 
ISN 0 1 2 5 
ISN 0 1 2 6 
ISN 0 1 2 7 
ISN 0 1 2 8 
ISN 0129 
ISN 0 1 3 0 
ISN 0 1 3 1 
ISN 0 1 3 2 
ISN 0 1 3 3 
ISN 0 1 3 * 
ISN 0 1 3 5 
ISN 0 1 3 6 
ISN 0 1 3 7 
ISN 0 1 3 9 
ISN 0 1 * 1 
ISN 0 1 * 2 
ISN 0 1 * 3 
ISN 0 1 * * 
ISN 1 1 * 6 
ISN 0 1 * 7 
ISN 0 1 * 8 
ISN 0 149 
ISN 0 1 5 0 
ISN 0 1 5 1 
ISN 0 15? 
ISN 0 1 5 3 
ISN 0 1 5 * 
ISN 0 1 5 5 
ISN 0 1 5 6 
ISN 0 1 5 7 
ISN 0 1 5 8 

ISN 0 1 5 9 
ISN 0 1 6 0 
ISN 0 1 6 1 
ISN 0 1 6 2 
ISN 0 1 6 3 
ISN 0 1 6 * 
ISN 0 1 6 5 
ISN 0 1 6 6 
ISN n l t 7 
ISN 0168 
ISN 0 1 6 9 
ISN 0 1 7 0 
ISN 0 1 7 1 
ISN C172 
I ^N n I 7 1 
ISN O l 7 * 

ISN 0 1 7 6 
ISN 0 1 7 7 
ISN 0 1 7 8 
ISN 0 1 8 0 
ISN 0 1 8 1 
ISN 0 1 8 3 
ISN 0 1 6 * 
ISN 0 185 
ISN 0 1 8 6 
ISN 0 1 8 7 
ISN O l b b 
ISN 0 1 8 9 
ISN C190 
ISN 0 1 9 1 
ISN 019 3 

CUMPUIE P R E S S U R E , F A C I ' O . / H I 

DO 73 L = l , N 2 
L K - L 
I F I T I M E . 0 1 . 1 3 . 0 1 CU 10 21 
OP-U.O 
CU 10 30 

2 1 IF ( T I M E . O E . 1 9 . 2 3 5 1 0 0 TO 23 
U = I 5 . I E C * | . D I I L I 
U P = 2 . 1 3 » J / V 
uU 10 30 

23 g = 9 2 0 . O . D T l L I 
0 P = 2 . 1 3 « J / V 

i3 I R 1 = I R 2 
PA1=PA3 
PG1=P03 
PA2=PA1*DP 
P b 2 = P A 2 - l * , 7 
P A H = 1 . 5 « D P I » P A 1 
PGM=PAM-1* .7 
IF 1 T I M E . L T . 2 0 . I 0 0 TO 302 
IF 1 P o M . L E . O . C I GO 10 71 

302 DTEMP=IR1»DP/PA1 
I R 2 = I R I * U I t M P 
IM=1 . 5 * D T £ M P I . T R l 

303 IF I I R 2 . b E . 1 * 0 0 . 0 1 GO 10 51 
GU t o 5? 

5 1 T R 2 = 1 * 0 0 . 0 
T M = 1 * 0 0 . 0 

52 uvnL=CF SP*UI I L I •Pr.M 
V M = I M / 1 2 . 7 . P A M I 
UW=DVUL/VM 
W i c M ) 

FAC l=OW/w l 
R = 1 . C - F A C I 
w3=wl -Dw 
P A 3 = P A 2 « w 3 / w l 
PG3 = P A 3 - 1 * . 7 
I I H E = I I M E « P I ( L I 

,NOII OU ISUIUPE CALCULATIONS 

A I O M S = 8 l L | . C l L I « 0 1 l l « E ( L I » F ( L I 
IF I R A I E I * 5 , * 5 , * 6 

* 5 B E I A = F A C I * R E M A 1 N 

R E M A 1 N = R E M A 1 N * R 

I N C E L L l L I = R E M A I N « A ( L I 
P R F I N 1 L I = R£MAI,^»AT0MS 
00 l U * 7 

* 6 BURN=DHL l / 3 6 t O.C 
0ELTA=M0»DELIA*8URN 
MU=R 
8 E I A = F A C I » 0 E L T A 
I N r , E L L ( l l = R » D F L I A » A ( L I 
P K E I N I L I = R » O E L I A . A T O M S 

* 7 O U I C E L I L I = b E I A » A l L I 
P R F n u T l l I . K . . I A . A I O M S 
IF I P G M . L T . O . l l GG 10 73 

D M I M E = 1 * 0 . » / P G M 
I H E I A = I 2 1 L I . D K I I M t 
IF ( I H E T A . 0 I . I E N 0 ( N 2 I I GO TO 72 
DO 62 K = l . N 2 
I F I I H E T A . L E . I U X I I G O L U 6 3 

D 2 C O N T I N U E 

63 KK=R-1 
U I 1 = I 1 ( R I - T 1 ( R H 
0 I 2 = I H t T A - T 1 ( R M 
ALPHA=DI2 /DT1 
G A S = A 1 ( K R I . A L P H A > ( A 1 ( K I - A 1 ( K K I I 
0G=8ETA*bAS 
DO 53 J = L , N 2 

I F ( I H E I A . L I . l E N D I J l I bU TO 5 * 
53 CONTINUE 

1 0 4 
104 
104 
1 0 4 

ia> 

109 
110 
112 
111 
114 
ll» 
11* 
IIT 
111 
ll« 
120 
121 
122 
121 
124 
12* 
12S 
129 
ISO 
111 
ISS 
114 
1 1 1 
116 
117 
H i 
119 
140 
141 
142 
141 
144 
14» 
141 
149 
141 
146 
147 
140 
149 
110 
111 
1>2 
l»l 
114 

m 
l»6 
1»T 
Hi 
119 
160 
161 
162 
161 
164 
165 
167 
168 
170 
171 
172 
173 
174 
175 
116 
177 
178 
180 
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I S N C 1-^4 

I S N 0 1 U 5 

I S N 0 1 9 6 

I S N C 1 9 7 

I S N C 1 9 e 

I S N C 1 9 9 

I S N C2,". j 

I S N 0 2 3 1 

I S N 0 2 0 2 

I S N 0 2 0 3 

I S N 0 2 ' - * 

I S N 0 2 , - 6 

I S N 0 2 » 7 

I S N 0 2 L 8 

I S N 0 2 L 9 

I S N 0 2 1 0 

I S N 0 2 1 1 

I S N C 2 1 2 

I S N 0 2 1 3 

I S N 0 2 1 5 

I S N 0 2 1 6 

I S N 0 2 1 7 

I S N 0 2 1 8 

I S N 0 2 1 9 

I S N C 2 2 0 

I S N 0 2 2 1 

I S N 0 2 2 2 

I S N 0 2 2 3 

i S N 0 2 2 4 

I S N 0 2 2 5 

I S N 0 2 2 6 

I S N 0 2 / 7 

I S N C 2 2 B 

I S N 0 2 2 9 

I S N r 2 3 C 

I S N 0 2 3 1 

I S N 0 2 3 3 

I S N 0 2 3 4 

I S N 0 2 3 5 

I S N 0 2 3 b 

I S N 0 2 3 7 

I S N 0 2 3 8 

I S N 0 2 3 9 

I S N 0 2 4 C 

I S N 0 2 * 1 

I S N 0 2 * ^ 

I S N 0 2 4 3 

I S N ^jl'*'* 

I S N 0 2 4 5 

I S N L 2 4 6 

I S N 0 2 4 7 

I S N C 2 4 8 

I S N 0 2 4 9 

I S N 0 2 5 1 

i S N r 2 5 2 

I S N 0 2 5 3 

I S N 0 2 5 * 

I S N C 2 5 5 

I S N • • 2 5 6 

I S N 0 2 5 7 

I S N 0 2 5 8 

I S N C 2 5 9 

I S N , ' . 2 6 o 

I S N C 2 b l 

7 2 

1 3 9 

1 C 6 

1 1 6 

1 1 7 
1 1 8 

U U T S T K I J I = U U T S I K ( J I * G G 

I F ( P A T H I 1 3 9 , 1 3 9 , 1 4 1 

I F I P A T H I 7 3 , 7 3 , 1 4 1 

P R E C = I O T ( K M * A L P H A * ( K I T ( M - I 0 1 ( K M I 

G P = B E T A » P k t C 

P R E S I K ( J l = P R t S I « . ( J I * b P 

GU TO 7 3 

F T I M £ = l I I - . ' P r . M 

G A M < A = I 2 ( L I * F T I M t 

DO 1 4 : ; K = l , 2 l 
I F I G A » M A . b 1 . T l ( K l I GO TO 14C 

K K = K - 1 

U T 1 = T 1 1 K I - T 1 1 K K I 

.TT2 = G A M M A - T 1 1 KK 1 

A L P H A = D I 2 / D T 1 

P k £ C = T U T ( K K I . A L P H A ' I I U T I K I - T O T I K M I 

F I L T E R = B t T A » P K E C 

DO 1 0 5 J = L , N 2 

I F I b A M M A . L T . T E N D l J l ) GU TO 1 0 6 

C O N T I N U E 

GO 1 0 1 1 6 

F P I J I = F P 1 J I . H L T E K 

M = l - 1 
T O Y = b ( M I « C ( M ) + U l M | . E l M I » F l M I 

F I L 1 N = F 1 L 1 N « F P 1 L I 

I F I T D Y ) 1 1 7 , 1 1 7 . 6 6 

P H I = 1 l u Y - A I D M S I / T O Y 

I F ( P H I ) 1 1 7 , 1 1 7 , 1 1 8 

P H I = 1 ' . 0 

P R E S T R ( L I = P H I » F I I I N 

H L i N = F I L I N - P R E S I K I L I 

GO TO 7 3 

C 0 . „ T 1 N U E 

C O N T I N U E 

DO 7 

I F I 

OUTC 

PREU 

O C T 

s i = r 
S2=r 
S3=C 
S4=P 
00 * 
SI 
S 2 = S 

S 3 = S 

S 4 = S 

S5 

• 3C 

O U I C t L U I . G E , 

E L I 1 l = C . C 

on I i=c.o 
I N U E 

. c 

. 0 

( . 0 1 G L 1 0 7 5 

1 . L K 

1 + D U T C E L l J l 

P R E O U T I J I 

O U I STK.1 J ) 

4 * P k E S T M J l 

S2 

W R I T E O U T P U T 

W R I T E 1 4 ^ 1 9 ) 

W R I T E I 4 ^ 7 I I D E N T 

» R 1 T E 1 4 , 9 3 1 

3 FORMAT r / / / 7 H 0 U T P U T / / 1 2 H O N I OF r , F L L / / / 6 H J . 1 2 H T I M E . 

X 1 3 H GAS I N • 1 3 H P R E C I N • 1 3 H GAS O U I , 1 3 H P R E C OU 

XI i n 
. . K I T E 1 4 . 9 4 1 ( J . T E N D ( J I , I N C E L L ( J I , P R E I N 1 J ) . U U T C E L 1 J ) . P R E U U T 1 J K J = 1 

K , L K , J U T I 

* F O R M A T I I 6 , V P F 1 2 . 3 , 1 P E 1 5 . 5 , 1 P E 1 5 . 5 . 1 P E 1 5 . 5 , 1 P E 1 5 . 5 I 

W R I T E I 4 . 5 C I S W S 2 . S 5 

r F O K M A I I 3 7 H T O T A L GAS A T O M S OUT OF C E L L = 1 P E 1 2 . 5 / 

X J 7 H T O T A L PRECURSOR A I U M S O U I UF C E L L = 1 P E 1 2 . 5 / 3 6 H l U I A L N U M B E R U 

, F AT,1MS UOT ,,F C E L L = 1 P E 1 2 . 5 ) 

W R I T E ( 4 , 1 9 1 

W R I T E ( * , 7 ) l u t N T 

w k l T F r 4 . 3 R l 

b F O R M A T ( / / / 1 3 H O U T OF S T A C K / / 6 X , * 5 H GG = GAS U U I U F S T A C K DUE TU G 

XAS OUT OF C £ L L / 6 X , 5 2 H GP = GAS OUT OF S T A C K DUE T U P R E C U R S U R S O U I 

X , i F r F H / / / A H , , , . • • , ; , . . i * , H OP / / I 

W R I T E l * , 3 9 ) 1 J , U U I S T K 1 J l , P R F S I K ( J ) , J = 1 , L K , J U T ) 

9 F O R M A I 1 1 6 , 1 P E 1 6 . 5 , 1 P E 1 6 . 5 I 

w R I I c I * . 4 2 1 S 3 , S * 

2 FORMAT l / / / t l H T O T A L GG OUT S T A C K = 1 P E 1 2 . 5 / 2 1 H l o T A L GP OUT S I A C K 

1 8 1 

1 8 2 

1 8 3 

1 8 4 

1 8 5 

1 8 6 

1 8 7 

I B B 

1 8 9 

1 9 0 

1 9 1 

1 9 3 

1 9 4 

1 9 5 

1 9 6 

1 9 7 

1 9 8 

1 9 9 

2 0 0 

2 0 2 

2 0 3 

2 0 4 

2 0 5 

2 0 6 

2 0 7 

2 0 8 

2 0 9 

2 1 0 

2 1 1 

2 1 2 

2 1 3 

2 1 4 

2 1 5 

2 1 6 

2 1 6 

217 
218 
219 
220 

222 
223 
224 
22 5 
226 
226 
226 
226 
227 
226 
229 
?3n 
230 
2 30 
231 

233 
23* 
23* 
23* 
235 
236 
217 
236 
238 
238 

240 
2*1 
2*2 
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X = 1 P E 1 2 . 5 I 2 4 2 
ISN 0 2 6 2 XX=CHI«S* 2 4 1 
ISN 0 2 6 3 YY=S*-XX 2 4 4 
ISN 0 2 6 4 S6=S3«XX 2 4 1 
ISN 0 2 6 5 HRITE 1 4 . 4 3 1 C H I . X X . Y V 2 * 6 
ISN 0 2 6 6 43 FORMAI 1 / / 5 M C H I • C P F 6 . 3 / 8 M C H I ' 0 ? = I P E 1 2 . 5 / 1 2 H 1 1 - C M l ! • G P . I P E 1 2 . 5 1 2 * 7 
ISN 0 2 6 7 URITE l * , * * l NAMEA,S6 248 
iiH_SZt>6 4 * FORMAI ( / / 1 7 H F INAL NUMBER Of A * , 32M ATOMS OUI STACK • G(i • C H i * ( i ' 2 * 9 

X =1PE 1 2 . 5 1 2 4 9 
ISN 0 2 6 9 READ ( 3 , 1 0 1 lOF 2 5 0 
ISN 0 2 7 0 IF ( l O F I 1 3 , 1 1 5 , 1 3 
ISN 0 2 7 1 13 STOP 2 1 2 
ISN 0 2 7 2 END 2 » 4 

ADCUNS FUR EXTERNAL REFERENCES 
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